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Section 1 — Product Innovations 



Section 1 
Product Innovations 

We have accelerated the development of new products When you have the need for custom mixed-signal ICs, 

at Raytheon Semiconductor, to provide complete, cost- our family of Complementary Bipolar Tile Arrays, 

effective solutions to complex problems. We have CBiCMOS and Standard Cells offer attractive solutions, 

developed highly integrated solutions for the Multimedia/ which are also highlighted. 
Imaging and Automatic Test Equipment markets. 

We have highlighted some of the leading products in 
these areas on the following pages. 



Contents 

Multimedia 

Digital Video Encoder 1-2 

Genlocking Video Digitizer 1-3 

3V/5V Video A/D Converter 1-3 

Automatic Test Equipment Pin Electronics 

Pin Drivers 1-4 

Fast Comparators 1-5 

Parametric Measurement Unit 1-5 

Communications 

ATM/ESCON™/Rbre Channel/SSA™ Transceiver 1-6 

STS-3/STM-1 Synchronizer and Framer 1-6 

ASICs 

CBiCMOS Linear Tile Arrays 1-7 

CBiCMOS Standard Cells 1-8 
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TMC22090/22190/TMC22190/22191 Digital Video Encoder and Layering Engine 
Features 



♦ 


All digital video encoding 




8-bit composite digital video input 


♦ 


NTSC-M, PAL-B, G, H, I, M, N formats 


♦ 


Hardware and 24-bit data keying 




Internal digital oscillators, no crystals required 


♦ 


Synchronizes with TMC22071 Genlocking Video 


♦ 


Multiple input formats supported: 




Digitizer 




— 24-bit and 15-bit GBR/RGB 




8:8:8 video reconstruction 




- YC B C R 42:2/4:4:4 




SMPTE 170M NTSC or CCIR report 624 PAL 




— Color indexed 




compatible 


♦ 


30 overlay colors (TMC22190/TMC22191) 




PAUM 


♦ 


Fully programmable timing 




Simultaneous S-Video (Y/C) NTSC/PAL output 




Supports pixel rate of 10 to 15 Mpps 


♦ 


10-bit D/A conversion (three channels) 


♦ 


256 x 8 x 3 color look-up tables (bypassabte on 




Controlled edge rates 




TMC2219X) 




Power-down mode 




8-bit mask register 


♦ 


Built-in color bars and modulated ramp test signals 






JTAG (IEEE Std 1149.1-1990) test interface 






♦ 


Single +5V power supply 






♦ 


84 lead PLCC package 
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TMC22071 Genlocking Video Digitizer 



Features 

♦ Fully integrated acquisition 

— 3-Channel video input multiplexer 

— Two-stage video clamp 

— Automatic gain adjustment 

— Sync detection and separation 

— Genlock to NTSC or PAL inputs 

— Clock generation 

— 8-bit video A/D converter 

♦ Microprocessor interface 

♦ Line-locked pixel rates 

— 12.27 MHz NTSC 

— 13.5 MHz NTSC or PAL 

— 14.75 MHz and 1.50 MHz PAL 
Direct interface to TMC22090/TMC22190 encoders 
Built-in circuitry for crystal oscillator 
No tuning or external voltage reference required 
68 lead PLCC package 



Vie — ► sl— ANAL0G — |qai^> — 



MICROPROCESSOR 
M1ERFACE 



BACK PORCH 




DATA 


CLAMP 




SELECTOR 




LOWPASS 
FLTER 




SYNC 
SEPARATOR 





E 



HORIZONTAL 
PHASE-LOCKED 
LOOP 



TTTT 



DOS/PIXEL CLOCK 
MTERFACE 



TMC1173 2.7 to 3.6 Volt 8-Bit 10 Msps Converter 



Features 



♦ 


8-bit resolution 




♦ 


5 and 10 Msps conversion rate 




♦ 


Integral track/hold 




♦ 


Differential linearity error <±0.5 LSB 




♦ 


Single +2.7 to +3.6 volt power supply 




♦ 


<90 mW power dissipation at 3.6 volts 




♦ 


Differential phase <0.5° 




♦ 


Differential gain <1% 




♦ 


Three-state 3V TTL compatible outputs 


CONV 


♦ 


Very low cost 





COARSE 
A/D CONVERTER 



REF 



EX 



FINE 
A/D CONVERTER 



DIGITAL 
ERROR 
CORRECTION 
AND 
OUTPUT 
DRIVERS 



For More Information call 1-800-722-7074. 
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RC7311 250 MHz ATE Pin Electronics Driver 



Features 



High output slew rate (2 V/ns minimum) 

Wide output voltage range (-3.0V to 48V), and up to 

10 Vp-p swings 

250 MHz minimum operation for ECL swings 
Wide input common mode range for ease of 
interface to ECL as well as TTL and CMOS 
Output short-circuit protection with current lim'rter 
and thermal shutdown 
100 mA dynamic switching current drive 
Absolute slew rate control 
Available in 28-pin PLCC 

Low output voltage offset (30 mV) and output offset 
drift (0.1 mV/°Ctyp.) 

Low input bias current (1 pA typ.) and current drift 
(40 nA/°C) for output level program allows direct 
coupling to a DAC output 



VhcO- 
Vho- 



V.H.O- 



Vtco- 
Gnd o- 
TST o- 



Vcc V ffi 



+SRC 



-SRC 



LJ I I 



Vcco 
o 



Refs & Temp 
Compensation 



Positive Slew 
Rate Control 



Negative Slew 
Rate Control 




Offset Control 
and Switching 




Temperature 
Sensing 



-o OF 
-o CIM1 



-OVo 



-O CIM2 
-o Veeg 



-oT§ 



RC7315/RC7315T Three-State ATE Pin Electronics Driver 



Features 



High output slew rate (1 .8 V/ns typ.) 

Wide output voltage range (-2.5V to +7V), and up to 

9.5 Vp-p swings 

Three-state/high impedance output 

High repetition rate (250 MHz for ECL swings) 

Low output offset (20 mV typ.) and output offset drift 

(0.1mV/°Ctyp.) 

Low leakage (10 nA typ.) and low output capacitance 
(3 pF typ.) in high impedance inhibit mode 
RC7315TEL is pin-for-pin compatible with AD1322 
High speed differential inputs with wide common 
mode range for ease of interface to ECL as well as 
TTL and CMOS levels 

Output short circuit protection (safe operating area 

protection with current limiting and thermal shutdown) 

100 mA typ. dynamic current drive capability 

Absolute slew rate control 

Available in 28-pin PLCC or 16-pin gullwing lead 

package 

Packaged parts available unterminated (RC7315) or 
50Q series terminated (RC731 5T) configurations 



I RC731S 



, — 0 GND 




<=3 *. 



(RG7315) 



(RC7315T) 



-j"0 Von MRC73150nly) 
H-oVwJ 
4— CZ>TS 
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RC7341/RC7342 High Speed Dual Comparator 



LEA LEA 



Features 

♦ 1 2 V max differential input voltage 

♦ Low propagation delays: 2.0 ns maximum 

♦ Low delay dispersion (±50 ps typ.) and drift (4 ps/°C max.) 

♦ ±5 mV maximum input offset and 10 nV/°C max. drift 

♦ 2 jjA typical bias current; ±50 pA typ. in disable mode 

♦ Common mode rejection £70 dB 

♦ Input disable mode 

♦ 2 pF maximum input capacitance (RC7341 ) 

♦ Optional latch function 

♦ Available with common threshold input V^g for lowest 
input capacitance (RC7341) or two independent 
comparators (RC7342) 

♦ RC7342 is pin-for-pin compatible with 9687 comparators 

♦ Available in 1 6-pin SOIC, 20-pin PLCC or 1 6-pin PDIP 




o OA 

O OA 



■O OB 



rFT- 



TT 

VqcGND V« LEB LEB 



LEA LEA 



O OA 




ITlff" 1 



Vcc GND V EE LEB LEB 65-5266 



RC7351 Parametric Measurement Unit 
Features 

♦ Force voltage/measure current and force current/ 
measure voltage functions 

♦ Forced voltage range (-5V to +1 5V) 

♦ Four programmable measured current ranges: 
±500 nA to ±20 \xA, ±2 \jJK to ±200 llA, 
±10nAto±1 mA,±500juAto±40nA 

♦ High resolution current force/measure ±0.05% 

♦ Internal control circuitry for selecting ranges 

♦ High accuracy: 12 bit linearity and 0.5% gain error 

♦ Low current tempco: 5 pA/°C A r 




For More Information call 1-800-722-7074. 
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RCC700 ATM/ESCON™/Fibre Channel/SSA™ Transceiver 
200 or 265.625 Megabaud 



Features 

♦ 200 or 265.625 Megabaud data rates 

♦ Compliant wit the Fibre Channel and ESCON standards 

♦ PLL clock and data recovery 

♦ Clock synthesizer 

♦ On-chip lock detect circuitry 

♦ 8b/1 Ob encode/decode 

♦ Parity generate/check 

♦ Low power dissipation: 600 mW (typ.) @ 200 Mb 

♦ Byte sync on K28.1 , K28.5 or K28.7 

♦ Single power supply — +5V 

♦ TTL compatible parallel data inputs/outputs 

♦ PECL compatible serial data inputs/outputs 

♦ Available in 68-pin PLCC and 64-pin PQFP 




"DOUT 
►DOUT 



-DIN 
-DIN 



-SDIN 
-SDIN 



1 1 t \ 

GND VCC FS SDOUT 



RCC521 STS-3/STM-1 Synchronizer and Framer 



Features 

♦ Transmits/Receives at the STS-3/STM-1 serial data 
rate of 155.52 Mb/s 

♦ Single supply (+5V) operation 

♦ On-chip clock synthesis and clock and data recovery 

♦ PECL I/O for direct interface to fiber-optic modules 

♦ Detects framing sequence in serial data from network 
and provides deserialized byte data and 19.44 MHz 
byte clock to terminal 

♦ Receives 1 9.44 MHz byte clock and byte data from 
terminal and provides serial data to network 

♦ Transmit clock may be directly coupled in at 155.52 
MHz or synthesized from external 19.44 MHz source 

♦ Receive PLL retains lock even in the absence of 
transitions in 70 consecutive bit positions 



♦ Scrambling/descrambling and BIP-8 calculation/ 
checking with optional bypass mode 

♦ Generates LOS (loss of signal), OOF (out of frame), 
LOF (loss of frame), and RFE (receive frame error) 
alarms 

♦ Loopback capability at both network and terminal ends 

♦ Test mode allows chip to be tested using an 
abbreviated frame 

♦ LOW maximum power dissipation 

♦ Fabricated in Raytheon's High Performance CMOS 
process 

♦ Conforms to ANSI T1 .1 05-1991 , CCITT G.708 and 
Bellcore TR-NWT-000253 



TERMINAL SIDE 

Transmit byte JJ_ 

Ret. clock 

Control 

Alarms 4 

Receive byte- 
clock and framing 

Receive byte 



Transmit Section 
(Clock synthesis,Scrambling,BIP-8 generation) 



RCC521 



Receive Section 
/Clock & data recovery, Framing & byte alignment^ 
\ Descrambling, BIP-8 checking, Alarms / 



NETWORK (LINE) SIDE 



Transmit serial 
bit stream 



Receive serial 
clock-embedded 
bit stream 
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VRSA-Tile RPA160 Precision Complementary Tile Array 



Features 



Resistor/Transistor Blocks in Repetitive Pattern 



1 6 tiles in a 4 x 4 grid pattern 

24NPNand 18PNPS per tile 

Two high speed Schottky diodes per tile 

Two programmable MOS capacitors per tile 

13 programmable thin film resistors per tile 

Two metal layer programmability 

Analog pre-designed and characterized macrocells 

SPICE models available for all components and 

macrofunctions 

Complementary process with f T of 4 GHz for NPNs 
and 1.5 GHz for PNPs 
Minimum geometries of 2 micron 
Breakdown voltage BV CE0 13 volts, typical 
Voltage noise for NPN, 2 nV/VHz 
SiCr thin film resistors: 

— Sheet resistance 1500 £^sq. 

— Tempco of 50 ppm/°C typical 
PtSi Schottky diodes 

MOS capacitors 

— Capacitance 0.2 fF/^m 2 

— Temperature stable characteristics 
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Function-Defining Metal Masks With 
Various Macrocell Overlays 



VRSA-Tile RPA90 Precision Complementary Tile Array 



Features 



9 tiles in a 3 x 3 grid pattern 

24 NPN and 18 PNPs per tile 

Two high speed Schottky diodes per tile 

Two programmable MOS capacitors per tile 

13 programmable thin film resistors per tile 

Two metal layer programmability 

Analog pre-designed and characterized macrocells 

SPICE models available for all components and 

macrofunctions 

Complementary process with f T of 4 GHz for NPNs 
and 1.5 GHz for PNPs 
Minimum geometries of 2 micron 
Breakdown voltage BV CE0 13 volts, typical 
Voltage noise for NPN, 2 nVA/hz 
SiCr thin film resistors: 

— Sheet resistance 1 500 fl/sq. 

— Tempco of 50 ppm/°C typical 
PtSi Schottky diodes 

MOS capacitors 

— Capacitance 0.2 fF/^m 2 

— Temperature stable characteristics 



Resistor/Transistor Blocks In Repetitive Pattern 




Function-Defining Metal Masks With 
Various Macrocell Overlays 



For More Information call 1-800-722-7074. 
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RSC4000 CBiCMOS Standard Cells 



Cells Available 

♦ Amplifiers 

♦ Buffers 

♦ Voltage comparators 

♦ Voltage references 

♦ Signal conditioning 

♦ Data recovery 

♦ Data conversion 

♦ Gates, Inverters, Buffers 

♦ Flip-flops, Latches 

♦ Input/Output Translators 

♦ Multiplexer, Decoder, Bandgap References 

♦ CMOS gates 

CMOS Features 

♦ Minimum geometry of 2.5 micron with L EFF for PMOS/ 
NMOS transistors of 1 .8 microns 

♦ Breakdown voltage BV DSS 1 3 volts typical 

♦ Internal gate delay <1 .5 ns 

♦ 3.3V or 5.0V supply voltage 



Features 

♦ Complementary process with f T of 4 GHz for NPNs 
and 1.5 GHz for PNPs 

♦ Minimum geometries of 2 micron 

♦ Breakdown voltage BV CE0 1 3 volts, typical 

♦ Voltage noise for NPN, 2 nV/Vhz 

♦ SiCr thin film resistors: 

— Sheet resistance 1 500 Q/sq. 

— Tempco of 50 ppm/°C typical 

♦ PtSi Schottky diodes 

♦ MOS capacitors 

— Capacitance 0.2 fF/^m 2 

— Temperature stable characteristics 
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Section 2 

Application Specific Standard Products 



Modern electronic systems are at once becoming more 
flexible and more specialized. As a particular systems- 
level technology develops, key functional elements can 
be identified that are appropriately tailored to the 
SPECIFIC demands of that APPLICATION. This 
provides a higher level of integration than can be 
employed in a building block approach to system design. 
Yet these products serve a sufficiently broad market that 
they can be offered as STANDARD PRODUCTS. 



Raytheon Semiconductor has developed families of 
Application Specific Standard Products (ASSPs) that 
address the specialized needs in six market areas: 
Multimedia/Video/Imaging, ATE, Instrumentation, Signal 
Synthesis, Avionics Communications and High Speed 
Communications. Through the use of leading-edge 
mixed-signal design and processing expertise, our 
families of ASSPs offer a winning combination of high 
performance, high integration, and low cost. 



Contents 



Multimedia/Video/Imaging 2-2 

ATE 2-247 

Instrumentation 2-311 

Signal Synthesis 2-313 

Avionics Communications 2-333 

High Speed Communications 2-371 
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Multimedia/Video/Imaging 

Raytheon has provided image processing components to 
the television broadcasting industry since the mid 1970s; 
many of the products in this selection guide have 
applications in this area. 

The TMC22071 Genlocking Video Digitizer includes 
everything needed to convert analog NTSC or PAL video 
into digitized composite video, all on a single CMOS IC. 
The TMC22X9X and TMC22190 Digital Video Encoders 
take images in RGB, YCqCr, or color-indexed space and 
converts them to NTSC or PAL in both composite and S- 
Video formats. 

Specifically designed for image processing are the Image 
Resampling Sequencers (TMC2301 .TMC2302). These 
address generators are given an image manipulation 
transfer function representing a shift, rotate, warp, or zoom. 
They produce sets of memory pixel addresses that 
translate to the desired pixel in the output image. High- 
speed processing elements such as the TMC2249 Mixer 
and TMC2250 Matrix Multiplier accept these input pixels 
and compute the values of the output pixels. 



The TMC2272 Colorspace Converter is a completely 
programmable device that can convert between any two 
color image representations (working in conjunction with 
the TMC2330 Coordinate Transformer when dealing with 
HSI-type formats). 

The TMC2330 itself is tailored to convert between vector 
and rectangular coordinate systems — - as is necessary to 
put a radar or ultrasound image on a raster scan display. It 
is used in general vector image processing, as well as 
reconstructing CAT and NMR images. 

The TMC231 1 Fast Cosine Transform is the fundamental 
element in the common approaches to image 
compression. 

Other products include a Half-Band Filter, Image 
Convolver, Digital Mixer, and Image Filters — all designed 
to process images efficiently in real-time. 
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Video Image Processing Products 



Rata' Powerl 

Product Description SIza (MHz) (Watts) Packaga Graded Notaa Paga 

TMC22071 Genlocking Digitizer 8 bit 30 R1 C Geniccking digitizer with input MUX, 2-5 

clamp, sync separator, clock generator, 

subcarrier PLL 

TMC22090 Digital Video Encoder 10 bit 30 U RO C All-Digital Encoder, RGB/YCrCr/CoIot £27 

Index Input NTSC/PAL Composite and 

S- Video Output 

TMC22091 Digital Video Encoder 10 bit 30 1.1 RO C TMC22090 with PAL-M.N and NTSC Japan. 

TMC22190 Digital Video Encoder 10 bit 30 1.1 RO C TMC22090 with added layering engine. 2-27 

TMC22191 Digital Video Encoder 10 bit 30 1.1 RO C TMC22091 with added layering engine. 



TMC2242-1 


Half-Band Digital Filter 12/16 bit 


40 


0.5 


R2 


C 


2:1 interpolate or decimate. 


2-95 






30 


0.5 


DO 

H2 


rs 

C 


i mama i c <jd /J5k a ocn 
Low-pass (-0 do @ 0.25F). 




TMC2243 


Video Filter 10x10x3 


20 


0.5 


G8,H8 


C, V 


Cascadeable. 


2-109 


TMC2246-1 


Image Filter 10x11 bit 


40 


0.5 


H5, L5 


C, V 


Four-pixel interpolator. 


2-123 






30 


0.5 


H5.L5 


c.v 






TMC2249-1 


Digital Mixer 12x12x2 


30 


0.5 


H5.L5 


c,v 


Cascadeable. 


2-135 






25 


0.5 


H5.L5, 


c,v 


Programmable Delays. 




TMC2250-2 


Matrix Multiplier 12x10x9 


40 


1.2 


H5 


c 


2D convolution 3x3, 2x4. 


3-335 


-1 




36 


1.2 


H5.G1 


c.v 


1D convolution, 9 taps. 








30 


1.2 


H5.G1 


c,v 


3x3 matrix x 3x1 vector 




TMC2255-1 


2D Convolver 5x5x8 bit 


12.5 


0.6 


R1 


c 


3x3, symmetric 5x5. 


2-149 






10 


0.6 


R1 


c 


2D convolver. 




TMC2272-2 Color Space Converter 3x1 2 bit 


40 


1.2 


H5 


c 


3x3 matrix x 3x1 vector. 


2-169 


-1 




36 


1.2 


H5 


c 










30 


1.2 


H5 


c 






TMC2301-2 


Image Resampling 4Kx4K pixels 20 


0.5 


G8.R1 


c 


Second order. 


-2-187 


-1 


Sequencer 


18 


0.4 


G8.R1 


C.V.SMD 


2-dimension. 








15 


0.4 


G8, R1, LI 


c,v 






TMC2302-1 


Image Manipulation 65Kx65K 


40 


0.4 


H5 


c 


Third order. 


2-2-213 




Sequencer pixels 


30 


0.4 


H5 


c 


3-dimension. 




TMC2311-2 


Fast Cosine Transform 12 bit 


17.8 


0.7 


R1 


c 


Data compression processor. 


3-301 


-1 




14.5 


0.7 


R1 


c 


Meets CCITT specification. 








17.8 


0.7 


R1 


c 


8x8, 2-dimension. 




TMC2330-1 


Coordinate Transformer16x16 bit 


25 


0.7 


H5.L5 


c.v 


Cartesian *+ polar conversion 


3-319 






20 


0.7 


H5.L5 


c 







Resolution 


Diff.Un 
Error' 


Conv. 
Rate* 


Rise, 
Timel 










Product (bits) 


(*%) 


(Msps) 


(ns) 


Package 


Grade (2) 


Notes 


Page 


Digital Frequency Synthesizers 

TMC2340-1 25 


0.006 


106 


Dual 16 Bit G1.H5. L5 


c,v 


AM, FM.PM inputs. 


2-315 


- 20 


0.006 


106 


Dual 16 Bit G1.H5.L5 


c.v 


Quadrature outputs. 




Associated D/A Converters 
















TDC1041-1 10 


0.048 


20 


4 


R3 


C 


Low cost 10-bit video D/A TTL interface. 


3-195 


- 10 


0.096 


20 


4 


R3 


C 






TDC3310 10 


0..096 


40 


10 


N6, R6 


C 


Single +5V power supply. 


3-239 


TDC1 141-1 10 


0.048 


50 


4 


R3 


C 


Low cost 10-bit video D/A 


3-225 


- 10 


0.096 


50 


4 


R3 


C 


ECL interface. 




TDC1012-3 12 
-2 12 
-1 12 


0.012 
0.024 
0.048 


20 
20 
20 


4 
4 
4 


J7, N7, R3 
J7, N7, R3 
J7.N7.R3 


C 

C.V.SMD 
CV.SMD 


Signal synthesis D/A. 

70 dBc SFDR. Very low glitch. 

Drives 25ft directly. 


3-153 


- 12 


0.048 


20 


4 


J7, N7, R3 


c,v 


TTL interface. 
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Resolution 
Product Bits 


Differential 
Linearity 

Error 1 


Conv 
Rate 1 
(Msds) 


Rise 
Timet 


Package 


Graded 


Notes 


Page 


TDC1 112-3 12 

-2 12 
-1 12 
- 12 


0.012 

0.024 
0.048 
0.048 


50 

50 
50 
50 


4 

4 
4 

4 


N7.R3 

J7.N7.R3 
J7, N7, R3 
J7!N7!R3 


C 

C.V.SMD 
C V SMD 
C.V 


Signal synthesis D/A. 70 dBc SFDR. Very 
low alitch 

Drives 25Q directly. ECL interface. 


3-207 
3-35 


TDC1044 4 


25 






B9, N9 


C, V, SMD 




3-35 


TDC1046 6 


25 


33 




B8 


C.V.SMD 




3-45 


TDC1047 7 


20 


39 




B7 


c,v 




3-53 


TDC1147 7 


15 


36 




B7 


C.V 


No pipeline delay. Well suited to subranging 
converter applications. 


3-95 


TDC1035 8 


— 


— 




B7 


c.v 


Peak digitizer. Digitizes peak value of pulses as 
narrow as 12 ns. 


5 3-17 


TDC1038 8 


20 


45 




B6, N6, R3 
E1 


C, V 


Low power version of TDC1048. 


3-25 


TDC1048 8 


20 


45 




B6, N6 
C3.E1 


C, V, SMD 


Industry standard video A/D. 


3-63 


TDC1058 8 


20 


45 




B6, N6, R3, 
E1 


C 


New industry standard video A/D. Single +5V 3-83 
power supply. TDC1048 performance equivalent 


TMC1 173-10 8 
-05 8 


10 
5 


45 
45 




N2, M7, R3 
M7, N2, R3 


C 

c 


Low power CMOS video A/D w/ integral 
Track/Hold. 

+2.7V to 43.3V power supply. 


3-105 


TMC1175-20 8 

-30 8 
-408 


20 

30 
40 


45 

45 
45 




B2, N2, C3, 

M7, R3 
M7, N2, R3 
M7.N2.R3, 
E1 


c,v 

C, V 
C.V 


Low power CMOS video A/D with integral 
Track/Hold. 

Includes D/A 


3-121 


TDC1049 9 


30 


48 




J0.J3, CI. 
L1.G8, E1 


C.V.SMD 
C.V.SMD 


ECL interface 


3-73 


TDC1020 10 


20 


55 




J1, GO, E1 


c.v 


Monolithic video A/D, TTL interface. i2V input range. 3-5 


DAC-08 8 


0.1 


1.0 




N,D 


C.V. SMD. JAN 




3-139 


TDC1018-1 8 
- 8 


0.20 
0.20 


200 
125 


1.7 
1.7 


B7.C3 
B7.C3 


c 

C 


Low cost ECL Graphics-ready. 


3-183 


TDC1016-10 10 
-9 10 
•8 10 


0.05 
0.10 
0.20 


20 
20 
20 


4 
4 
4 


N7.N5.B7.B5 
N7.N5.B7.B5 
N7.N5.B7.B5 


C 

C.A 
C.A 


Industry standard video DAC. 
Operates with TTL or ECL logic. 




TDC1041-1 10 
- 10 


0.048 
0.096 


20 
20 


4 
4 


R3 
R3 


C 
C 


Low cost 10-bit video D/A TTL interface. 


3-198 


TDC3310 10 


0.096 


40 


10 


N6.R6 


C 


Single +5V power supply 


3-239 



Notes: 

1. Guaranteed. See product specifications for test conditions. 

2. A - High reliability, T 0 « -55°C to 125°C. 
B - Industrial, Tc - -25°C to 85°C 

C « Commercial, Ta - 0°C to 70°C. 

F ■ Extended Temperature Range, Tq « -55°C to 125°C 

V « MIL-STD-883 Compliant, T c - -55°C to 125°C. 

SMD * Available per Standardized Military Drawing, Tc - -55°C to 125°C. 

3. A* High reliability, Tq - -20°C to 95°C. 
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TMC22071 

Genlocking Video Digitizer 



TMC22071 



The TMC22071 Genlocking Video Digitizer converts 
standard baseband composite NTSC or PAL video into 
8-bit digital composite video data. It extracts horizontal 
and vertical sync signals and generates a pixel clock for 
the on-board 8-bit A/D converter and a 2X clock for the 
transfer of data to subsequent video processing or 
encoding with the TMC22X9X Digital Video Encoder 
family. It also measures the color subcarrier phase and 
frequency, and provides this data to the Encoder (for 
genlocked color NTSC or PAL encoding), or a frame 
buffer (for frame capture) over the digital composite 
video port 

The TMC22071 includes a three-channel video input 
multiplexer, analog clamp, variable gain amplifier, and 
digital back porch clamp. The on-board oscillator circuitry 
generates the clock from a 20 MHz crystal or the clock 
source may be an external oscillator. It is programmable 
over a microprocessor interface for NTSC or PAL 
operation. No external component changes and no 
production tuning or service adjustments are ever 
required. 

The TMC22071 is fabricated in an advanced CMOS 
process, and is packaged in a 68-lead PLCC. Its 
performance is guaranteed from 0°C to 70°C. 



Features 

♦ Fully integrated acquisition 

♦ 3-channel video input multiplexer 

♦ Two-stange video clamp 

♦ Automatic gain adjustment 

♦ Sync detection and separation 

♦ Genlock to NTSC or PAL inputs 

♦ Clock generation 

♦ 8-bit video A/D converter 

♦ Microprocessor interface 

♦ Line-locked pixel rates 

— 12.27 MHz NTSC 

— 13.5 MHz NTSC or PAL 

— 14.75 MHz and 15.0 MHz PAL 

♦ Direct interface to TMC22X9X encoders 

♦ Built-in circuitry for crystal oscillator 

♦ No tuning or external voltage reference required 

♦ 68-lead PLCC package 



Applications 

♦ Frame Grabber 

♦ Digital VCFWTR 

♦ Desktop Video 




CLK IN - 



CLK OUT <— 
LDV<- 
PXCK <— 

EXT PXCK 

PXCK SEL > 



TMC22071 

GENLOCKING 
VIDEO 
DIGITIZER 



^ cvbs™ g g 

>> GHSYNC\ 3 F 



-► GVSYNC\ 



INT\ 
VALID 

Vref 
COMP 
Rt 
Rb 



DDS OUT 

C B yp 

< PFD IN 



"8 



5p 



Figure 1. Logic Symbol 
For More information call 1 -800-722-7074 Raytheon Semiconductor 



2-5 



TMC22071 



Figure 2. Functional Block Diagram 
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TTTT 
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GHSYNCV 



PXCK 

LDV 
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ANALOG INTERFACE 
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General Description 

The TMC22071 is a fully-integrated genlocking 
video A/D converter which digitizes NTSC or PAL 
baseband composite video under program control. 
It accepts video on three selectable input channels, 
adjusts gain, clamps to the back porch, and 
digitizes the video at a multiple of the horizontal 
line frequency. It extracts horizontal and vertical 
sync, measures the subcarrier frequency and 
phase (relative to the sampling clock), and provides 
this data along with digital composite video data 
over an 8-bit digital video port. Two sync outputs 
(GHSYNCV and GVSYNCX) are also provided. It 
generates 1x (LDV) and 2x (PXCK) pixel clocks 
(PXCK) for data transfer. PXCK also serves as a 
master clock for the companion TMC22x9x 
Encoders. 

Operating parameters are set up via a standard 
microprocessor port. Provisions have been made 
for internal or external voltage reference operation. 



Timing 

The TMC22071 operates from an internally- 
synthesized clock, PXCK, which runs at twice the 
pixel data rate. The nominal pixel rates may be set 
to 12.27 Mpps for NTSC, 13.5 Mpps for NTSC and 
PAL, and 14.75 Mpps or 15.0 Mpps for PAL 
operation. 

Video Input 

Three high-impedance video inputs are selected by 
an internal multiplexer under host processor 
control. The device accepts industry-standard 
video levels of 1 .23 Volts (sync tip to peak color). 
Good channel-to-channel isolation allows active 
video on all three inputs simultaneously. Anti- 
aliasing filtering (if used) and line termination 
resistors must be provided externally. The input 
selection is controlled by two bits in the Control 
Register. 
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TMC22071 



Analog Clamp 

The front-end analog clamp ensures that the Input 
video falls within the active range of the A/D 
converter. The digitized composite video output is 
clamped to the back porch by a secondary digital 
clamp. 

Automatic Gain Adjustment 

Since video signals may vary substantially from 
nominal levels, the TMC22071 performs an 
automatic level setting routine to establish correct 
signal amplitudes for digitizing. 

The TMC22071 relies upon the presence of the 
sync tip-to-back porch voltage to determine the 
gain required for the input video signal. 

Sync tip compression or clipping is often affected 
by APL (Average Picture Level) variation. Rather 
than tracking minor variations in sync tip amplitude 
and constantly adjusting video gain, the TMC22071 
establishes proper signal amplitudes during initial 
genlock acquisition, and then (optionally) holds the 
gain constant. This results in a stable picture 
under variable signal conditions. 

Improper termination of video cables (usually 
double termination) is handled in the TMC22071 by 
a selectable gain of +1 .0 or +1 .5. The higher gain 
is used to amplify a doubly-terminated signal which 
is reduced in amplitude by 2/3. 

If the input signal levels are well controlled, the 
automatic gain adjustment can be disabled and the 
gain held at its nominal value (+1 .0 or +1 .5). 

Analog-to-Digital Converter 

The TMC22071 contains a high-performance 8-bit 
A/D converter. Its gain and offset are automatically 
set as a part of the automatic gain adjustment 
process during initial signal acquisition, and require 
no user attention. 



The reference voltages to the A/D converter are set 
up by internal D/A converters under automatic 
control during genlock acquisition. These voltages 
determine the gain and offset of the A/D converter 
with respect to the video level presented at its 
input. 

Low-pass Filter 

The digitized composite video stream is digitally 
low-pass filtered to remove chrominance 
components from the sync separator. Filtering 
provides robust operation by optimizing the signal- 
to-noise ratio of the synchronizing/blanking portion 
of the video, improving the accuracy of the back 
porch blanking level detector. 

A digital sync separator provides the output sync 
signals, GHSYNC\ and GVSYNC\, and times 
internal operations. 

Horizontal Phase-Locked Loop 

A phase-locked loop generates PXCK, at twice the 
pixel rate. The reference signal for the horizontal 
phase-locked loop is generated by the Direct 
Digital Synthesizer (DDS). The DDS output is 
constructed with an internal D/A converter and is 
output from the TMC22071 via the DDS OUT pin. 
This signal is passed through an external LC filter 
and input to the horizontal phase-locked loop. 

The phase of the DDS output is proportional to the 
phase difference between PXCK and the horizontal 
sync of the incoming signal. 

A 20 MHz clock is required to drive the DDS. This 
may be input to the TMC22071 via CMOS levels on 
the CLK IN pin. Alternately, a 20 MHz crystal may 
be directly connected between CLK IN and CLK\ 
OUT with tuning capacitors to activate the internal 
crystal oscillator circuitry. 
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Subcarrier Phase-Locked Loop 



Pin Functions 



A fully-digital phase-locked loop is used to extract 
the phase and frequency of the incoming color 
burst. These frequency and phase values are 
output over the CVBS bus during the horizontal 
sync period. 

Back Porch Digital Clamp 

A digital back-porch clamp is employed to ensure a 
constant blanking level. It digitally offsets the data 
from the A/D converter to set the back porch level 
to precisely 40 h for PAL and 3C h for NTSC. 

Digitized Video Output 

The digitized 8-bit video output is provided over an 
8-bit wide CVBS data port, synchronous with PXCK 
and LDV. Subcarrier frequency, and subcarrier 
phase data are transmitted over CVBS 7 . 0 during 
the horizontal sync tip period. 

Microprocessor Interface 

Since microprocessor buses are notoriously "noisy" 
from a wide-band analog point of view, the 
microprocessor interface bus is only one bit wide, 
rather than the more customary eight. The 
operation of this bus is similar to other bus- 
controlled devices except that the TMC22071 
internal Control Register is accessed one bit at a 
time. 

A sequence of 47 bits is written to or read from the 
LSB of a standard microprocessor port. Writing to 
or reading from the secondary address results in 
the transfer of data to or from the internal shift 
register. 

The RESET\ input, when LOW, sets all internal 
state machines to their initialized conditions. 
Returning the RESET\ pin HIGH starts the signal 
acquisition sequence which lasts until locking with 
the gain-adjusted and clamped video signal is 
achieved. 



Video Input 

V IN1-3 

Clocks 

CLK IN 



Video inputs, 1 .25 Volts peak-to-peak, 
sync tip to peak color. 



CLKXOUT 



LDV 



PXCK 



20 MHz CMOS clock input to DDS. 
This pin may also be used along with 
CLK\ OUT for directly connecting 
crystals. 

Inverted DDS clock output. This pin 
may also be used along with CLK IN for 
directly connecting a crystal. 

Delayed pixel clock output. LDV runs 
at 1/2 the rate of PXCK and its rising 
edge is useful for transferring CVBS 
digital video from the TMC22071 to the 
TMC22x9x Digital Video Encoders. 

2x oversampled line-locked clock 
output. 



EXT PXCK Input for external PXCK clock source. 

PXCK SEL Select input for internal or external 
PXCK. When HIGH, the internally 
generated line-locked PXCK is 
selected. When LOW, the external 
PXCK source is enabled. 

VALID This output, when HIGH indicates that 
incoming horizontal sync has been 
detected and is within the 6 pixel 
window in time established by previous 
sync pulses. When LOW, it indicates 
that incoming horizontal sync has not 
bee found within the expected time 
frame. 



INT\ This output is LOW if the internal 

horizontal phase lock loop is unlocked 
with respect to incoming video for 1 28 
or more lines per field. After lock is 
established, INT\ goes HIGH. 
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Digital Video Interface 

GHSYNC\ When the TMC22071 is locked to 
incoming video, the GHSYNCX pin 
provides a negative-going pulse after 
the falling edge of the horizontal sync 
pulse. There is a fixed number of 
PXCK clock cycles between adjacent 
falling edges of GHS YNC\. 

GVSYNCN When the TMC22071 is locked to 
incoming video, the GVSYNC\ pin 
provides a negative-going edge after 
the start of a vertical sync pulse. 

CVBS 7 _ 0 8-bit composite video data is output on 
this bus at 1/2 the PXCK rate. During 
the horizontal blanking interval, field ID, 
subcarrier frequency, and subcarrier 
phase are available on this bus. 

Microprocessor Interface 

D 0 Microprocessor data port. All control 

parameters are loaded into and read 
back from the Control Register over this 
1 -bit bus. 

A 0 Microprocessor address bus. A LOW 

on this input loads the I/O Port Shift 
Register with data from D 0 and CSV A 
HIGH transfers the I/O Port Shift 
Register contents into the Control 
Register on the last falling edge of CSV 

CS\ When CSX is HIGH, D 0 is in a high- 

impedance state and ignored. When 
CS\ is LOW, the microprocessor can 
read or write D 0 data into the Control 
Register. 

RESET\ Bringing RESETA LOW forces the 

internal state machines to their starting 
states, loads the Control Register with 
default values, and disables outputs. 
Bringing RESET\ HIGH restarts the 
TMC22071. 



R/W\ When R/W\ and Aq are LOW, the 

microprocessor can write to the Control 
Register over D 0 . When R/W\ is HIGH 
and Aq is LOW, the contents of the 
Control Register are read over D 0 . 

Analog Interface 



'REF 



COMP 



+1 .23 Volt reference. When the 
internal voltage reference is used, this 
pin should be decoupled to A GND with 
a 0.1 capacitor. An external +1.2 
Volt reference may be connected here, 
overriding the internal reference 
source. 

Compensation for DDS D/A converter 
circuitry. This pin should be decoupled 
to V DDA with a 0.1 \if capacitor. 

Decoupling points for A/D converter 
voltage references. These pins should 
be decoupled to A GND with a 0.1 \iF 
capacitor. 



Loop Filter Interface 

DDS OUT Analog output from the internal Direct 
Digital Synthesizer D/A converter. 

PFD IN Analog input to the Phase/Frequency 
Detector of the horizontal phase-locked 
loop 

C BY p Decoupling point for the internal 

comparator reference of the 
Phase/Frequency Detector. This pin 
should be decoupled to A GND with a 
0.1 ^F capacitor. 



Power Supply 



'DDA 



V DD 

Agnd 

D GND 



Positive power supply to analog 
section. 

Positive power supply to digital section. 
Ground for analog section. 
Ground for digital section. 
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Table 1 . Package Interconnections 



Signal Type 


Name 


Function 


Value 


Package Pin 


Video Input 


VlMI Q 
liNl-o 


Composite Video Input 


1 .23Vp-p 


34, 31 , 29 


Clocks 


CLKIN 


20 MHz DDS clock input 


CMOS 


51 




CLK\ OUT 


Inverted clock output 


CMOS 


53 




PXCK 


2x Pixel clock output 


CMOS 


19 




LDV 


Pixel clock output 


CMOS 


17 




EXT PXCK 


External PXCK input 


CMOS 


54 




PXCK SEL 


PXCK source select 


CMOS 


46 


Digital Video 


GHSYNC\ 


Horizontal sync output 


CMOS 


12 




GVSYNC\ 


Vertical sync output 


CMOS 


13 




CVBS 7 _ 0 


Composite output bus 


CMOS 


11-9, 6-2 


MP I/O 


Do 


Data I/O port 


TTL 


66 




A 0 


MP port control 


TTL 


60 




cs\ 


Chip select 


TTL 


62 




RESET\ 


Master reset input 


TTL 


64 




R/W\ 


Bus read/write control 


TTL 


61 




INT\ 


Interrupt output 


TTL 


67 




VALID 


HSYNC locked flag 


TTL 


14 


Analog 


Vref 


V REF input/output 


+1.23 V 


38 




COMP 


Compensation capacitor 


0.1 jliF 


48 






A/D V ref decoupling 


0.1 (xF 


36, 28 


PLL Filter 


DDS OUT 


Internal DDS output 




45 




PFD IN 


Horizontal PLL input 




43 




C BYP 


Comparator bypass 


0.1 jxF 


42 


Power 


^DDA 


Analog power supply 


+5 V 


23, 25, 26, 30, 33, 40,47 




Vdd 


Digital power supply 


+5 V 


1,7, 18, 22, 52, 










58, 59, 63 


Ground 


A GND 


Analog ground 


0.0 V 


24, 27, 32, 35, 37, 39, 










41,44, 49, 




D GND 


Digital ground 


0.0 V 


8, 15, 16, 20, 21,50, 










55-57, 65, 68 
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Control Register Bit Functions 



Bit 


Mnemonic 


Function 


0 


SRESET 


Software reset. When LOW, 
resets and holds internal 
state machines, resets 
Control Register with 
previously written values, 
and disables output drivers. 
When HIGH, SRESET starts 
and runs state machines, 
PXCK, and enables outputs. 


1-3 


FORMAT 


Input signal format select. 

000 NTSC at 12.27 Mpps. 

001 NTSC at 13.5 Mpps. 

010 PAL A at 14.75 MPPS. 

011 PAL B at 15.0 Mpps. 
1xx PAL at 13.5 Mpps. 


4-6 


TEST 


Factory test control bits. 
These should be set LOW. 


7,8 


SOURCE 


Video source select. 

00 v m 

01 V jN2l 

1x V IN3 


9 


VGAIN 


Video gain. When LOW, 
gain is set to +1 .0. When 
HIGH, gain is set to +1 .5. 


10-16 


TEST 


Factory test control bits. 
These should be set LOW. 


17-24 


LEADLAG 


This control word allows the 
HSYNC to be time-shifted 
-122 to +132 LDV cycles. 
When LEADLAG is 7B h , 
HSYNC and incoming video 
are in alignment. A value of 
83 h delays HSYNC eight 
LDV cycles. Avalueof73 h 
advances HSYNC eight 



Bit 


Mnemonic 


Function 






LDV cycles. Bit 24 is the 
MSB. 


25 


AGC 


AGC operation control. 
After initial H and V sync 
acquisition, AGC operation 
is continuous for two fields 
and then held when this bit 
is LOW. When HIGH, AGC 
is triggered for two fields 
and then held. 


26 


FRERUN 


When HIGH, a free-running 
PXCK is generated, 
independent of incoming 
video. When LOW, PXCK is 
locked to incoming video. 


27-29 


TEST 


Factory test control bits. 
These should be set LOW. 


30 


BLOCK 


Block sync enable. When 
HIGH, block sync is 
accepted and sync tip 
clamping during the vertical 
interval is disabled. 


31 


CVBSEN 


CVBS bus enable. When 
LOW, the CVBS 7 . 0 , 
GHSYNC\, and GVSYNC\ 
outputs are in a high- 
impedance state. When 
HIGH, they are enables. 


32 


TEST 


Factory test control bit. This 
should be set low. 


33 


BPFOUT\ 


Burst phase / frequency 
output control. When HIGH, 
GRS is disabled. When 
LOW, burst phase and 
frequency information is 
output on CVBS 3 . 0 . 
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Bit 


Mnemonic 


Function 


34 


DCLAMP 


Digital clamp enable. The 
digital clamp is enabled 
when DCLAMP is HIGH and 
disabled when LOW. 


35-39 


TEST 


Factory test control bits. 
These should be set LOW. 


40-43 


STVAL 


Sync tip value. When 
DCLAMP is HIGH and 
STVAL is set to its default 
value 3 h , the output sync 
level is 3 h for NTSC and 7 h 
for PAL Bit 43 is the MSB. 


44-45 


TEST 


Factory test control bits. 
These should be set LOW. 


46 


GRSONLY 


When the horizontal phase 
lock loop is unlocked and 
this Control Bit is LOW, all 
CVBS data is forced LOW 
except the GRS signals. 



Bit 


Mnemonic 


Function 






The presence of GRS also 
depends upon bit 33. 






Status Bits (read only) 


47 


COLOR 


Burst present status bit. 
This bit is LOW when no 
burst is present on the input 
video. It is HIGH when 
burst is present. 


48-55 


BLKAMP 


Blanking amplitude status 
bits. These eight bits report 
the actual blanking level. 


56 


LOCK 


Genlocked status bit. When 
LOW, the TMC22071 is not 
locked to an input signal. 
When HIGH, lock has been 
achieved. 


57-58 


TEST 


These are read-only bits for 
testing purposes only. 



Figure 3. Control Register Map 
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Control and Status Registers 

The TMC22071 is controlled by a single 47-bit 
long Control Register. Access to the Control 
Register is via the I/O Port Shift Register 
arranged as shown in Figure 4. The Control 
Register can be read and written, permitting 
software modification and examination of its 
contents. The 12-bit Status Register is read-only 
and accessed through the same I/O Port Shift 
Register. Reading the Status Register yields 
information about blanking level, subcarrier 
presence, and whether or not PXCK is locked or 
unlocked with respect to the line rate. 

The host processor writes data into the 
TMC22071 using only one bit of the 
microprocessor's data and address bus. Once 
the shift register has input and positioned the 47 
bits of desired data (bit 46 first, bit 0 last), a HIGH 
on A 0 and a LOW on R/W\ when CS\ falls 
transfers the I/O Port Shift Register contents to 
the Control Register. The I/O Port Shift Register, 
Control Register and Status Register are 
governed by CSX , R/W\ , and A 0 . R/W\ and A 0 
are latched by the TMC22071 on the falling edge 
of CSX and data input D 0 is latched on the rising 
edge of CSX. Data read from D 0 is enabled by the 
falling edge of CSX and disabled by the rising 
edge of CSX. 

The full sequence of 47 bits of Control Register 
data must be written each time a change in that 
data is desired. All or a few of the Control and 
Status Register bits may be read, but the 
sequence always begins with bit 58 of the Status 
Register. 



Figure 4. Control and Shift Register Structure 
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Table 2. Microprocessor Port Control 



Ao 


R/WX 


Action 


0 


0 


Write data from D 0 into I/O 






Port Shift Register 


0 


1 


Read D 0 data from last stage 






of I/O Port Shift Register 


1 


0 


Transfer I/O Port Shift 






Register contents to Control 






Register 


1 


1 


Enables continuous update of 






status bits in I/O Port Shift 






Register 



Figure 5. Data Write Sequence 
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Figure 6. Data Read Sequence 
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Horizontal Timing 



Programming the TMC22071 



Horizontal line rate is selectable, and is determined 
by the FORMAT control bits (12.27 Mpps for NTSC, 
13.5 Mpps for NTSC and PAL, and either 14.75 or 
15.0 Mpps for PAL). Figure 7 illustrates the 
horizontal blanking interval. Figure 8 completes the 
definition of timing parameters with vertical blanking 
interval detail. 



Upon power-up after bringing RESETA LOW, the 
TMC22071 Control Register is set to default values 
as shown in the top entry of Table 4. These default 
values do not necessarily render the TMC22071 
operational in any specific application. Before the 
TMC22071 is expected to acquire input video, its 
Control Register must be loaded with data that is 
specific to its use. 



Figure 7. Horizontal Sync Timing 



Figure 9. Output Data vs. Input Video Level 
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Figure 8. Vertical Sync Timing 
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Table 3. TMC22071 Timing Options 





Field 


Line 


Pixel 


PXCK 


Pixels 


Standard 


Rate 


Rate 


Rate 


Frequency 


Per 




(Hz) 


(kHz) 


(Mpps) 


(MHz) 


Line 


NTSC 


59.94 


15.734264 


12.2727+ 


24.54+ 


780 


NTSC-601 


59.94 


15.734264 


13.50 


27.0 


858 


PAL A 


50.00 


15.625 


14.75 


29.5 


944 


PAL B 


50.00 


15.625 


15.00 


30.0 


960 


PAL-601 


50.00 


15.625 


13.50 


27.0 


864 



Table 4. Control Register Example Data 



Standard 


Control Register Data (Bit 56 Bit 0) 

46 42 38 34 30 26 22 18 14 10 6 2 


DEFAULT 


0000 0110 0000 1001 0000 0010 0000 0000 0000 0000 0000 001 


NTSC 
NTSC-601 


0000 0110 0000 1001 0000 0010 0000 0000 0000 OOxx 0000 000 
0000 0110 0000 1001 0000 0010 0000 0000 0000 OOxx 0000 010 


PAL A 
PAL B 
PAL-601 


0000 0110 0000 1001 0000 0010 0000 0000 0000 OOxx 0000 100 
0000 0110 0000 1001 0000 0010 0000 0000 0000 OOxx 0000 110 
0000 0110 0000 1001 0000 0010 0000 0000 0000 OOxx 0001 000 
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CVBS Bus Data Formats 



The CVBS bus outputs a Genlock Reference Signal 
(GRS) along with the 8-bit digital composite video 
data. The range of output data versus versus video 
input voltage is illustrated in Figure 9 where sync tip 
and blanking levels are controlled by the digital back- 
porch clamp of the TMC22071 . During horizontal 
sync, the TMC22071 outputs field identification, 
subcarrier frequency, and subcarrier phase 
information on the CVBS bus. 

Field identification is output on CVBS 2 . 0 - The LSB, 
CVBSp, will be LOW during odd fields and HIGH for 
even fields. When NTSC operation is selected, 
CVBS^q count 00,01,10,1 1 for fields 1 through 4 



respectively. When PAL operation is selected, 
CVBS 2 _ 0 count 000,001 ,010, etc. to 1 1 1 for fields 1 
through 8, respectively. 

Subcarrier frequency is sent out in a 24-bit binary 
representation in six 4-bit nibbles on CVBS 3 _ 0 . 
Subcarrier frequency data, f 23 . 0 > is identical to the 
pre-programmed BSEED value used in the 
TMC22071 to lock the subcarrier phase-locked loop 
to the incoming subcarrier frequency. 

Subcarrier phase, O 23 _ 0 , is also sent out in a 24-bit 
binary representation in six 4-bit nibbles on CVBS 3 _ 0 . 
Bit 4> 23 is the MSB. 



Figure 10. Genlock Reference Signal (GRS) Format. 
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Figure 1 1 . CVBS Bus Video Data Format 
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Figure 1 2. Microprocessor Port - Write Timing 
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Figure 1 3. Microprocessor Port - Read Timing 
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Figure 14. Equivalent PFD IN Circuit 
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Figure 1 6. Equivalent DDS OUT Circuit 
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Figure 15. Equivalent Digital Input Circuit 



Figure 1 7. Equivalent Digital Output Circuit 
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Figure 18. Transition Levels for Three-State Measurements 
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Absolute maximum ratings (beyond which the device may be damaged) 1 

Power Supply Voltage . -0.5 to +7.0V 

Input Voltage..... -0.5 to V DD +0.5V 

Digital Outputs 

Applied Voltage 2 -0.5 to V DD +0.5V 

Forced Current 3 - 4 -6.0 to 6.0 mA 

Short Circuit Duration 

(Single output in HIGH state to GND) 1 second 

Temperature 

Operating, case -60 to +130°C 

Operating, Junction +150°C 

Lead, soldering (10 seconds) +300°C 

Vapor phase soldering (1 minute) +220°C 

Storage -65to+150°C 

Notes: 1 . Absolute maximum ratings are limiting values applied individually while all other parameters 
are within specified operating conditions. Functional operation under any of these 
conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to 
GND. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current, flowing into the device. 
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Operating conditions 



Parameter 


Temperature Range 


Units 


Standard 


Min 


Norn 


Max 


Vqq Power Supply Voltage 


4.75 


5.0 


5.25 


V 


V, H Input Voltage, Logic HIGH 

TTL Inputs 

CMOS Inputs 
V, L Input Voltage, Logic LOW 

TTL Inputs 

CMOS Inputs 


2.0 

2/3 Vnn 

«-# W » [j\J 

D GND 




Vdd 

Vnn 
v DD 

0.8 

1/3 V DD 


V 
V 

V 
V 


I 0 h Output Current, Logic HIGH 
l OL Output Current, Logic LOW 






-2.0 
4.0 


mA 
mA 


V jN Video Input Signal Level 
Sync Tip to Peak White 




1.0 




V 


V REF External Reference Voltage 




1.235 




V 


T A Ambient Temperature, Still Air 


0 




70 


°C 


Microprocessor Interface 

Wlcs cs \ Pu,se Width ' L0W 

WHCS CSV Pu,se Width ' H,GH 


35 
35 






ns 
ns 


t SA Address Setup Time 
t HA Address Hold Time 


4 
25 






ns 
ns 


t S D Data Setup Time 
t HD Data Hold Time 


80 
2 






ns 
ns 



Note: 1 . Timing reference points are at the 50% level. 
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Electrical Characteristics 









Temperature Range 










Standard 




Parameter 


Conditions 


Min 


Typ 


Max 


Units 


'dd 


Power Supply Current 1 


Total Current 
V DD =Max,f PXCK =30MHz 




TBD 


TBD 


mA 


•ref 


Reference Input Current 


V REF = +1.235V 






100 


HA 


In . 


Input Current, Logic HIGH 
Input Current, Logic LOW 


V DD = Max, V IN = 4.0V 
V DD = Max, V IN = 0.4V 






±10 
±10 


nA 

HA 


V 0 H 

Vol 


Output Voltage, Logic HIGH 
Output Voltage, Logic LOW 


l OH = -2.0 mA 
l OL = 4.0 mA 


2.4 




0.4 


W 
V 

V 


! OZH 
! OZL 


Hi-Z Output Leakage current, HIGH V DD =Max, V, N =V DD 
Hi-Z Output Leakage current, LOW V DD =Max, V, N =GND 






±10 
±10 


uA 
HA 


c, 

Co 


Digital Input Capacitance 
Digital Output Capacitance 


T A = 25°C,f=1MHz 
T A = 25°C,f = 1MHz 




4 

10 


15 


PF 
PF 


C v 


Input Capacitance, V, N1 _ 3 
Input Resistance, V, N1 . 3 


T A = 25°C, f = 3.58 MHz 


50 




15 


PF 



Note 1. Typical l DD with V DD =+5.0 Volts and T A =25°C, Maximum l DD with V DD =+5.25 Volts and T A =0°C, 
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Switching Characteristics 







Temperature Range 








Standard 




Parameter 


Conditions 


Min 


Typ 


Max 


Units 


too Output Delay Time 
t H0 Output Hold Time 


C|_OAD = 35 pF 


2 
3 




15 
8 


ns 
ns 


fpcK pixel Rate 

fpxcK Master Clock Rate 


12 
24 




15.3 
30.6 


MHz 
MHz 


Vwlpx PXCK Pu,se Width » L0W 
t PWHPX PXCK Pulse Width, HIGH 


CM CM 






ns 
ns 


t DH Horizontal Sync to GHSYNC\ 
t VD Vertical Sync to G VSYNC\ 




4.5 
4.5 




pixels 
pixels 


t XL PXCK LOW to LDV HIGH 
t xv PXCK LOW to LDV LOW 








ns 
ns 


tpQM D o enable time 
*hom D o disable time 
t DOZ CS\ LOW to D 0 output driven 








ns 
ns 
ns 



System Performance Characteristics 



Parameter Conditions 


Temperature Range 


Units 


Standard 


Min 


Typ 


Max 


E SCH Sync time-base variation 1 






±30 


ns 


E SCP Subcarrier Phase Error 1 






±5 


degrees 


t AL Line-lock Acquisition Time 






2 


frames 


V XT Channel-to-Channel Crosstalk @3.58 MHz 






-35 


dB 



Notes 1 . NTSC/PAL compliant black burst at nominal input level ±1 0%, frequencies nominal ± 1 0 ppm. 



2-22 



Raytheon Semiconductor 



For More Information call 1-800-722-7074. 



TMC22071 



Figure 19. Typical Interface Circuit 
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Application Notes 

The TMC22071 is a complex mixed-signal VLSI 
circuit. It produces CMOS digital signals at clock 
rates of up to 15 MHz while processing analog video 
inputs with a resolution of less than a few millivolts. 
To maximize performance it is important to provide 
an electrically quiet operating environment. The 
circuit shown in Figure 19 provides an optional 
external 1 .2V reference to the V REF input of the 
TMC22071. The internal V REF source is adequate 
for most applications. 

Filtering 

Inexpensive low-pass anti-aliasing filters are shown 
in Figures 20 and 20. These filters would normally 
be inserted in the video signal path just before the 
75ft terminating resistor and AC-coupling capacitor 
for each of the three video inputs, V, N1 _ 3 . The filter 
of Figure 20 exhibits a 5th-order Chebyshev 
response 



with -3dB bandwidth of 6.7MHz and a group delay of 
140 nanoseconds at 5MHz. The filter of Figure 21 
has been equalized for group delay in the video 
signal band. Its -3dB passband is 5.5MHz while the 
group delay is constant at 220 nanoseconds through 
the DC to 5MHz frequency band. 



Figure 20. Simple Anti-aliasing Filter 
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Figure 21 . Group Delay Equalized Filter 
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Using a 20 MHz Crystal 

In systems where a 20 MHz clock is not available, a 
crystal may be used to generate the clock to the 
TMC22071 . The crystal must be a 20 MHz 
"fundamental" type, not overtone." Specific crystal 
characteristics are listed in Table 5 and the 
connections are shown in Figure 22. 

Table 5. Crystal Parameters 



Parameter 


Value 


Fundamental frequency 
Tolerance 
Stability 

Load Capacitance 
Shunt Capacitance 
ESR 


20 MHz 

±30 ppm @ 25°C 
±50 ppm, 0°C to 70°C 
20 pF 
7 pF Max. 
50ft, Max. 



Figure 22. Direct Crystal Connections 



The TMC22071 has separate analog and digital 
circuits. To minimize digital crosstalk into the analog 
signals, the power supplies and ground connections 
are provided over separate pins (V DD and V DDA are 
digital and analog power supply pins; D GND and 
A GND are digital and analog ground pins). In 
general, the best results are obtained by tying all 
grounds to a solid, low-impedance ground plane. 
Power supply pins should be individually decoupled 
at the pin. Power supply noise isolation may be 
provided between analog and digital supplies via a 
ferrite bead inductor. Ultimately all +5 Volt power to 
the TMC22071 should come from the same power 
source. 

Another approach calls for separating analog and 
digital ground. While some systems may benefit 
from this strategy, analog and digital grounds must 
be kept within 0.1V of each other at all times. 

Interface to the TMC22x9x Encoder 

The TMC22x9x Digital Video Encoders have been 
designed to directly interface to the TMC22071 
Digital Video Genlock. TheTMC22071 is the source 
for TMC22x9x input signals CVBS 7 . 0 , GHSYNC\, 
GVSYNCV, LDV, and PXCK as shown in Figure 23. 
These signals directly connect to the TMC22x9x. 
The microprocessor interface for TMC22x9x and 
TMC22071 are identical. All W/R\, RESET\, data 
and address bus signals from the host 
microprocessor are shared by the TMC22x9x and 
TMC22071 . Only CSV, VALID, and INT\ signals are 
separate from the microprocessor bus. 
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Figure 23. TMC22x9x Interface Circuit 
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Printed Circuit Board Layout 

Designing with high-performance mixed-signal 
circuits demands printed circuits with ground planes. 
Wire-wrap is not an option. Overall system 
performance is strongly influenced by the board 
layout. Capacitive coupling from digital to analog 
circuits may result in poor picture quality. Consider 
the following suggestions when doing the layout: 

1 . Keep the critical analog traces (COMP, V REF , 
R T , R B , DDS OUT, PFD IN, C BY p, and V, N1 _ 3 ) 
as short as possible and as far as possible from 
all digital signals. The TMC22071 should be 
located near the board edge, close to the analog 
output connectors. 

2. The power plane for the TMC22071 should be 
separate from that which supplies the rest of the 
digital circuitry. A single power plane should be 
used for all of the V DD pins. If the power supply 
for the TMC22071 is the same as that of the 
system's digital circuitry, power to the 
TMC22071 should be decoupled with ferrite 
beads and 0.1 |xF capacitors to reduce noise. 

3. the ground plane should be solid, not cross- 



hatched. Connections to the ground plane 
should have very short leads. 

4. Decoupling capacitors should be applied 
liberally to V DD pins. Remember that not all 
power supply pins are created equal. They 
typically supply adjacent circuitry on the device, 
which generate varying amounts of noise. For 
best results, use 0.1 nF capacitors in parallel 
with 0.01 jxF capacitors. Lead lengths should be 
minimized. Ceramic chip capacitors are the 
best choice. 

5. If the digital power supply has a dedicated 
power plane layer, it should not overlap the 
TMC22071 , the voltage reference or the analog 
outputs. Capacitive coupling of digital power 
supply noise from this layer to the TMC22071 
and its related analog circuitry can have an 
adverse effect on performance. 

6. CLK should be handled carefully. Jitter and 
noise on this clock or its ground reference may 
degrade performance. Terminate the clock line 
carefully to eliminate overshoot and ringing. 
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Pin Assignments 



Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


1 


Vdd 


18 


Vdd 


35 


Agnd 


52 


Vdd 


2 


CVBS 0 


19 


PXCK 


36 


Rt 


53 


CLK\OUT 


3 


CVBS, 


20 


Dgnd 


37 


a gnd 


54 


EXT PXCK 


4 


CVBS 2 


21 


DqnD 


38 


Vref 


55 


D GND 


5 


CVBS 3 


22 


Vdd 


39 


A GND 


56 


d gnd 


6 


CVBS 4 


23 


Vdda 


40 


Vdda 


57 


d gnd 


7 


Vdd 


24 


A GND 


41 


a gnd 


58 


Vdd 


8 


D GND 


25 


Vdda 


42 


C BYP 


59 


Vdd 


9 


CVBS 5 


26 


Vdda 


43 


PFD IN 


60 


A o 


1 U 


UVbOg 


£1 


A GND 


AA 


A 

Agnd 


D 1 


D AAA 
ri/W\ 


11 


CVBS 7 


28 




45 


DDS OUT 


62 


cs\ 


12 


GHSYNCV 


29 


V|M3 

UNO 


46 


PXCK SEL 


63 


V DD 


13 


GVSYNC\ 


30 


Vdda 


47 


Vdda 


64 


RESET\ 


14 


VALID 


31 


V|N2 


48 


COMP 


65 


D GND 


15 


D GND 


32 


A GND 


49 


A GND 


66 




16 


D GND 


33 


Vdda 


50 


D GND 


67 


INT\ 


17 


LDV 


34 


V|N1 


51 


CLK IN 


68 


D GND 






60 
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44 
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Ordering information 



27023A 



Product 
Number 


Temperature 
Range 


Screening 


Package 


Package 
Marking 


TMC22071R1C 


T A = 0°C to 70°C 


Commercial 


68-LeadPLCC 


22071 R1C 



40GO7281 RevE 8/93 
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TMC22X9X 



TMC22090/22091 
TMC22190/22191 

Digital Video Encoders / Layering Engine 



The TMC22X9X digital video encoders convert digital 
computer image or graphics data (in RGB, YCbCr, or 
color indexed format or a CCIR-601 signal into a standard 
analog baseband television (NTSC or PAL) signal with a 
modulated color subcarrier. PAL-M and NTSC without 
pedestal are also available from the TMC22091/191 . 

Both composite (single lead) and S-VIDEO (separate 
chroma and luma) formats are active simultaneously at the 
three analog output pins, each of which generates a 
standard video-level signal into doubly-terminated 75Q 
load. 

The TMC22X9X accepts digitized video from the 
companion TMC22070 Genlocking Video Digitizer. Soft 
switching between video sources is done under either 
hardware or programmable data level control. 

The TMC22190/191 offers a 4-layer keying capability, 
bypassable CLUTs, and 30 overlay colors. 

The TMC22X9X is fabricated in a submicron CMOS 
process and packaged in 84-lead PLCCs. Performance is 
guaranteed from 0°C to 70°C. 
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Features 



All digital video encoding 

Internal digital oscillators, no crystals required 

Multiple input formats supported 

— Input formats supported 

- 24-bit and 15-bit GBR/RGB 

- YC B Cr422 or 444 

— Color indexed 

30 overlay colors (TMC221 90/1 91 ) 

Fully programmable timing 

Supports input pixel rates of 10 to 15 Mpps 

256 x 8 x 3 color look-up tables (bypassable on 

TMC22190/191) 

8-bit mask register 

8-bit composite digital video input 

Hardware and 24-bit data keying 

Synchronizes with TMC22070 genlocking video 

digitizer 

8:8:8 video reconstruction 

SMPTE 170M NTSC or CCIR report 624 PAL 

compatible 

TMC22091/191 also supports PAL-M and NTSC 
without pedestal 

Simultaneous S-VIDEO (Y/C) NTSC/PAL output 
10-bit D/A conversion (three channels) 
Controlled edge rates 
3 power-down modes 

Built-in color bars and modulated ramp test signals 
JTAG (IEEE Std 1149.1-1990) test interface 
Single +5V power supply 
84-lead PLCC package 



BYPASS\ and OL,o on TMC22190/191 only. 



Logic Symbol 
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Functional Block Diagram 



BYPASS\ and OL,. 0 on TMC2219X Only 
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General Description 

The TMC22090/091/190/191 are totally-integrated 
fully-programmable digital video encoders with 
simultaneous composite and Y/C (S-VIDEO) 
outputs. The TMC22x9x video outputs are 
compatible with SMPTE 170M NTSC, CCIR Report 
624 PAL, PAL-M, and NTSC without pedestal 
television standards. No external component 
selection or tuning is required. 

The encoders accept digital image data at the PD 
port in one of several formats, which are matrixed 
into luminance and chrominance components. The 
chrominance signals are modulated onto a digitally 
synthesized subcarrier. The luminance and 
chrominance signals are separately interpolated to 
twice the pixel rate, and converted to analog levels 
by 10-bit D/A converters. They are also digitally 
combined and the resulting composite signal is 
output by a third 10-bit D/A converter. This 
composite signal may be keyed (pixel rate 
switching) with a second composite digital video 
signal presented to the encoder. 



The output video frames may be internally timed by 
the TMC22x9x, synchronized with the external 
frame buffer, or slaved to the companion 
Genlocking Video Digitizer (TMC22070). All 
operational parameters are fully programmable 
over a standard microprocessor port. 

Table 1 shows the key features that distinguish the 
members of the TMC22x9x family. All of the 
information presented in this data sheet applies to 
all of the TMC22x9x unless otherwise noted. 
Statements, paragraphs, tables, and figures that 
apply to only one or two of the encoders will have 
notation specifying the applicable part number. 

Timing 

The encoder operates from a single clock at twice 
the system pixel rate. This frequency may be set 
between 20 MHz and 30 MHz (pixel rates of 10 
Mpps to 15 Mpps). Within this range are included 
CCIR-601, D2 NTSC, and square-pixel formats, as 
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Table 1. Comparing the TMC22x9x Encoders 



Feature 


22090 


22091 


22190 


22191 


OL4.Q pixel inputs for 30 overlay colors 


NO 


ki- 


Yes 


Yes 


Number of video layers supported 


0 


0 


A 

4 


4 


BYPASov input tor bypassing cluts 


Ki- 
NO 


NO 


Yes 


Yes 


Composite digital video from D 7 _ 0 


Yes 


Yes 


Yes 


Yes 


Luminance data from D 7 . 0 


No 


Yes 


No 


Yes 


Luminance I/O processing 


No 


Yes 


No 


Yes 


Extended EH and SL intervals 


No 


Yes 


No 


Yes 


User-controllable SETUP 


No 


Yes 


No 


Yes 


Individual D/A power-down mode 


No 


Yes 


No 


Yes 


NTSC without SETUP 


No 


Yes 


No 


Yes 


PAL-M 


No 


Yes 


No 


Yes 



well as a variety of computer-specific pixel rates. 
An array of programmable timing registers allows 
the software selection of all pertinent signal 
parameters to produce NTSC (with or without 7.5 
IRE pedestal) and PAL, and PAL-M outputs. 

Input Formatting 

The input section accepts a variety of video and 
graphics formats, including 24-bit GBR and RGB, 
15-bit GBR and RGB, YC B C R 422, YC B C R 444, and 
8-bit color-indexed data (Figure 1a and 1b). 

The input section of the TMC22x9x includes a key 
comparator which monitors the pixel data port with 
three independent 8-bit comparators, and invokes 
a video key when the selected registers match the 
incoming data. 

Mask Register 

A Mask Register is provided which is logically 
ANDed with incoming color-index data to facilitate 
pixel animation and other special graphics effects. 
The Mask Register is ahead of the Data Key 
comparators and is enabled only when color-index 
input is selected. Mask Register programming and 
operation are similar to that of the 171/176 family of 
graphics RAMDACS. 



Color Lookup Table 

The Color Lookup Table (CLUT) is a 256 x 8 x 3 
random-access memory, and provides means for 
offset, gain, gamma, and color correction in RGB 
and YC B C R operating modes. It provides a full 24- 
bit color lookup function for color-index mode and 
can be loaded in the same manner, with the same 
data, as a standard VGA RAMDAC. 

ColorSpace Conversion Matrix and Interpolator 

The matrix converts RGB data (whether from RGB 
inputs or color-indexed CLUT data) into Y, B-Y, R- 
Y format for encoding. In input configurations 
where the pixel input is already in Y, B-Y, R-Y 
format, the matrix is bypassed. When pixel data is 
input in YC B C R 422 format, the interpolation filters 
produce YC B C R 444 for encoding. 

Sync Generator 

The TMC22x9x can operate in Master, Genlock, or 
Slave modes. In Master and Genlock modes, the 
encoder internally generates all timing and sync 
signals, and provides Horizontal Sync, Vertical 
Sync, and Pixel Data Control (PDC) to the external 
frame buffer circuitry. PDC is independently 
selectable to function as an input or an output. In 
Genlock mode, the TMC22x9x timing is controlled 
by the TMC22070 Genlocking Video Digitizer over 
the CVBS 7 _ 0 bus, GVSYNC\, and GHSYNCV The 
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Figure 1a. Pixel Data Format 
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Figure 1b. Pixel Data Format (TMC22190/191 when CLUTs are Bypassed) 
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encoder, in turn, produces VHSYNC\, VVSYNCX, 
and PDC for the frame buffer interface. 

In Slave mode, VHSYNC\, VVSYNCA, and PDC 
(optional) are inputs to the TMC22x9x, and 
determine when new lines, frames, and active 
picture areas begin. It becomes the responsibility 
of the external controlling circuitry to establish the 
correct timing for these signals. 

Horizontal and vertical synchronization signals are 
digitally generated by the TMC22x9x with 
controlled rise and fall times on all sync edges, the 
beginning and end of active video, and the burst 
envelope. All elements of horizontal sync timing 
are programmable, as are the frequency, phase, 
and duration of color burst. 

Video Input 

The TMC22x9x accepts genlocked synchronization 
data and digital composite video signals from the 
TMC22070 Genlocking Video Digitizer over the 8- 
bit CVBS bus. The encoder synchronizes its digital 
subcarrier oscillator to the video input from the 
TMC22070 with this data. The composite video 
data output from the TMC22070 is passed on to 
the internal video switch for keying with the 
encoded pixel data. 

Chroma Modulator 

A 32-bit digital subcarrier synthesizer feeds a 
quadrature modulator, producing a digital 
chrominance signal. The relative phases of the 
burst and active video portions of the subcarrier 
can be individually adjusted to compensate for 
external phase errors and to effect a hue control. 

Interpolation Filters 

Interpolation filters on the luminance and 
chrominance signals double the pixel rate in 
preparation for D/A conversion. This band-limited 
process greatly simplifies the output filtering 
required following the D/A converters and 
dramatically reduces sin(x)/x distortion. 



An interpolation filter on the CVBS data similarly 
raises the sample rate of the video signal, for 
mixing with the encoded pixel data. 

Composite Video Switch 

The Composite Video Switch selects between the 
composite video input (CVBS) and the composite 
encoded pixel data on a pixel-by-pixel basis, under 
the control of a key function. 

Keying may be managed by hardware or software. 
The hardware key input (KEY pin) directly controls 
the video switch. The encoder may be 
programmed to operate with a data key, 
represented by three 8-bit registers that compare 
with the 24 input bits. They operate in all input 
modes and may be individually enabled or 
disabled. 

D/A Converters 

The analog outputs of the TMC22x9x are the 
outputs of three 10-bit D/A converters, operating at 
twice the pixel clock rate. The outputs are capable 
of driving standard video levels into a doubly- 
terminated 75ft coaxial video cable (37.5ft total 
load). An internal voltage reference is provided 
which can be used to provide reference current for 
the three D/A converters. For accurate video 
levels, an external fixed or variable voltage 
reference source is recommended. The video 
signal levels from the TMC22x9x may be adjusted 
to overcome the insertion loss of analog low-pass 
output filters. 

The D/A converters on the TMC22091/191 may be 
powered-down via Control Register OE bits 5 and 
6. The COMPOSITE D/A is controlled by bit 6 and 
the LUMA and CHROMA D/A converters are 
controlled by bit 5. 

Microprocessor Interface 

The microprocessor interface employs a 13 line 
format. The RESET\ pin sets all internal state 
machines to their initialized conditions, disables the 
analog outputs, sets the internal SRESET\ bit LOW 
(reset condition), and places the encoder in a 
power-down mode. All register and CLUT data are 
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maintained while in power-down mode. Returning 
the RESET\ pin HIGH synchronizes the internal 
pixel clock. If the HRESET bit is set HIGH, line 1 
field 1 is started when RESET\ goes HIGH, and 
SRESET\ is ignored. If HRESET is LOW, the 
encoder remains idle after RESET\goes HIGH until 
Control Register bit SRESETV is set HIGH, which 
initiates line 1 field 1 . 

Two address lines are provided and decoded for 
access to the internal control registers, and CLUT. 
Controls and CLUT are reached by loading a 
desired address through the 8-bit D 7 . 0 port, 
followed by the desired data (read or write) for that 
address. Both the CLUT and the control registers 
are self-indexing, allowing continuous reads or 
writes to successive addresses. 

JTAG Test Interface 

The TMC22x9x includes a standard 4-line JTAG 
(IEEE Std 1 149.1-1990) test interface port, 
providing access to all digital input/output data 
pins. This is provided to facilitate component and 
board-level testing. 

Test/Validation Mode 

The TMC22x9x may be configured to produce 
standard color bars or a 40 IRE modulated (or 
unmodulated) video ramp, independent of any pixel 
or video data input. Color bars are useful as an 
idle system output signal. The test signals may be 
employed to verify proper operation of the analog 
video signal chain. 

Pin Functions 

The pins may be divided into nine categories: 

1. Clocks 

2. Frame Buffer Interface 

3. Genlock Interface 

4. Microprocessor Interface 

5. Video Outputs 

6. Analog Interface 

7. JTAG Test Interface 

8. Power and Ground 

9. Factory test (22090/091) 



Clocks 

PXCK This 20 to 30 MHz clock is internally 
divided by 2 to generate the internal 
pixel clock, PCK, which a LOW on 
RESET\ forces LOW. PXCK drives the 
entire TMC22x9x, except the 
asynchronous microprocessor interface 
and the semi-synchronous LDV data 
input clock. All internal registers are 
strobed on the rising edge of PXCK. 

LDV On each rising edge of LDV, data on 
PD 2 3_ 0 are latched into the input 
preload register, for transfer into the 
input demultiplexer on the next rising 
edge of PCK. 

Frame Buffer Interface 

PD 23 _ 0 In YC B C R , GBR, RGB, and color- 
indexed pixel data enter the TMC22x9x 
on PD 2 3_ 0 - The specific format is found 
in Figures 1 a and 1 b. LDV is the clock 
that controls the loading of pixel data. 

VHSYNC\ In Master and Genlock modes, the 

TMC22x9x outputs horizontal sync on 
this pin. In Slave modes, the 
TMC22x9x accepts and locks to 
horizontal sync input on this pin (with 
vertical sync on VVSYNC\). VHSYNCX 
and VVSYNC\ must be coincident such 
that they are clocked into the 
TMC22x9x on the same rising edge of 
PXCK. 

VVSYNC\ In two-line (separate V and H sync 
signals) Master and Genlock modes, 
the TMC22x9x outputs vertical block 
sync (VVSYNC\ LOW for the 2.5 (PAL) 
or 3 (NTSG) lines on which vertical 
sync pulses occur). In composite sync 
(H and V sync on same signal) Master 
and Genlock modes, the TMC22x9x 
outputs horizontal sync, vertical sync, 
and equalization over this pin. In Slave 
mode, the TMC22x9x accepts and 
locks to vertical sync input on this pin 
(with horizontal sync on VHSYNC\). 
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VHSYNC\ and VVSYNCX must be 
coincident such that they are clocked 
into the TMC22x9x on the same rising 
edge of PXCK. 

PDC In Master mode, the TMC22x9x forces 
PDC HIGH when and only when it 
wants active video from the frame 
buffer. During blanking (syncs, 
equalization, burst, and porches), it 
forces PDC LOW, signalling that it will 
ignore any data presented over PD 2 3_ 0 - 
When PDC is used as an input, forcing 
it HIGH puts the TMC22x9x into the 
active video state. Forcing PDC LOW 
leaves blank and burst unaffected, but 
forces the TMC22x9x to output black 
burst. 

KEY When the HKEN control bit is set HIGH 
and hardware key pin, KEY, is HIGH, 
video data entering on CVBS 7 . 0 are 
routed to the COMPOSITE output. 
This control signal is pipelined so the 
pixel that is presented to the PD port 
when the KEY signal is i nvoked is at 
the midpoint of the soft key transition. 
When HKEN is LOW, KEY is ignored. 
Like PD data, KEY is clocked into the 
TMC22x9x on the rising edge of LDV. 



OL4.0 

(22190) 

(22190) 



30 of the 256 locations of the CLUTs 
may be reserved for overlay operation. 
These CLUT locations are directly 
accessed by five input pins, OL 4 „ 0 . 
OL 4 _ 0 are entered into the TMC22190 
on a pixel-by-pixel basis and select 
which of the 30 overlay colors is to be 
encoded. When all five OL 4 . 0 inputs 
are LOW, no overlay occurs. 



BYPASS\ When BYPASSX is HIGH, the CLUTs 

(221 90) are in the pixel data path within the 

(22191) TMC22190/191. When BYPASS\ is 
LOW, pixel data bypasses the CLUTs. 
BYPASS\ is active only for certain 
modes of the Layering Control Register 
(LCR) when the Format Control 
Register bit 6 is HIGH. 



Genlock Interface 

GHSYNC\ In Genlock mode, the TMC22x9x will 
start a new horizontal line (blank-to- 
sync-edge transition) with each falling 
edge of GHSYNCV In non-genlock 
modes, the TMC22x9x ignores 
GHSYNCV The internal pixel clock, 
PCK, is aligned with the falling edge of 
VHSYNC\ or GHSYNC\ (Genlock 
mode). 

GVSYNC\ In Genlock mode, the TMC22x9x will 
start a new vertical sync sequence at 
line 1 field 1 whenever GVSYNC\ and 
GHSYNC\ are coincident such that they 
are clocked into the TMC22x9x on the 
same rising edge of PXCK. If 
G VSYNC\ falls at any other time, the 
TMC22x9x will assume that this marks 
the start of field 2, and will ignore it (in 
odd-field sync mode) or (in all-field sync 
mode) respond by generating a single 
vertical sync pulse, followed by 2 (PAL) 
or 2.5 (NTSC) lines of vertical sync, 
keyed to the next falling edge on 
GHSYNCV See Interface Control 
Register bit 0 for odd-field and all-field 
operation. 

CVBS 7 _ 0 The encoder receives digitized video, 
subcarrier phase, and subcarrier 
frequency over this 8-bit bus at the 
PCK rate. This data may be provided 
by the companion TMC22070 
Genlocking Video Digitizer. In Genlock 
mode, the TMC22x9x expects 
subcarrier phase and frequency data 
during each line's horizontal sync 
interval, as well as video data when 
keying is engaged, transferred at the 
PCK rate. 

Microprocessor Interface 



D 7 -, 



7-0 



All control parameters are loaded into 
and read back over this 8-bit port. For 
digital testing, the five lower bits can 
also serve as a two-cycle 1 0-bit data 
output port. For D/A converter testing, 
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it can be used as a 10-bit two-cycle 
input port, facilitating, for example, 
ramp-based D/A converter linearity 
tests. 

A^q As in a RAMDAC, this control governs 
whether the microprocessor interface 
selects a table address or reads/writes 
table contents. It also governs setting 
and verification of the TMC22x9x's 
internal operating modes, also over 
port D 7 _ 0 . 

CS\ When CSV is HIGH, the microprocessor 
interface port, D 7 . 0 , is set to HIGH 
impedance and ignored. When CS\ is 
LOW, the microprocessor can read or 
write parameters over D 7 _ 0 . One 
additional falling edge of CS\ is needed 
to move input data to its assigned 
working registers. 

R/W\ When RAM and CS\ are LOW, the 

microprocessor can write to the control 
registers or CLUT over D 7 _ 0 . When 
R/W\ is HIGH and CS\ is LOW, it can 
read the contents of any CLUT address 
or control register over D 7 . 0 . 

RESETA Bringing RESETV LOW sets the 

software reset control bit, SRESETN, 
LOW, forcing the internal state 
machines to their starting states and 
disabling all outputs. Bringing RESET\ 
HIGH synchronizes the internal pixel 
clock (PCK = PXCK / 2) to maintain a 
defined pipeline delay through the 
TMC22x9x. If HRESETissetHIGH, 
the encoder is enabled when RESETA 
goes HIGH. If HRESET is LOW, the 
host restarts the TMC22x9x by setting 
SRESETA HIGH. RESETA does not 
affect the CLUT or the control registers, 
except SRESETV 

Video Output 

COMPO- Analog output of composite D/A 
SITE converter, nominally 1 .35 volt peak-to- 
peak into a 37.5ft load. 



LUMA Analog output of luminance D/A 

converter, nominally 1 .35 volt peak-to- 
peak into a 37.5ft load. 

CHROMA Analog output of chrominance D/A 

converter, nominally 1 .35 volt peak-to- 
peak into a 37.5ft load. 

Analog Interface 

V REF External voltage reference input, 
internal voltage reference output, 
nominally 1.235 V. 

COMP Connection point for 0. 1 uf decoupling 
capacitor. 

R REF Connection point for external current- 
setting resistor for D/A converters. The 
resistor (392ft) is connected between 
R REF and Aq ND . Output video levels 
are inversely proportional to the value 
of R REF . 

JTAG Test Interface 

TDI Boundary scan data input port. 

TMS Boundary scan (HIGH)/normal 

operation (LOW) selector. 
TCK Boundary scan clock. 
TDO Boundary scan data output port. 



Power Supply 



'DD 
^DDA 
^GND 
\3ND 



Test 

TEST 

(22090) 

(22091) 



Positive digital power supply. 
Positive analog power supply. 
Digital Ground. 
Analog Ground. 



Reserved for factory testing. These 
pins have no effect on the operation 
but do function as JTAG registers. 
They should be grounded directly or 
pulled down to ground with 1kft or 
smaller resistors. 
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Table 2. Package Interconnections 
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PXCK 


Macfpr Olnrk Innut 

IVIClOld VIWV/i\ IllfJUl 


TTI 
i 1 1— 


7Q 




LDV 


Pixel Data Load Clock 

1 lAwl \mj Gild ^wCAV^i WlVvl\ 


TTL 


78 


Frame Buffer I/O 


PD 23-0 


Pixel Data Inputs 


TTL 


52-63,66-77 




V no T IMV-r\ 


norizoriicii oyiio i/vj 


TTI 
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V V O T IMv\ 
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TTI 
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PDC 


Pixel Data Control 


TTL 


11 




KEY 


Hardware Key Input 


TTL 
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Ox/prlav Rata InnntQ /991Qfl71Q"n 


TTI 
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D T rnOO\ 
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1 ML. 
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Opnlnrk I/O 


OHSYNOX 

vjno i I'lvi 


Opnlnpk Hnri7nntal Sx/n^ 


V/IVIVJO 






GVSYNC\ 


Genlock Vertical Sync 


CMOS 


82 




CVBS 7 . 0 


Composite Video Inputs 


TTL 


44-47,84, 1-3 


1 1 Prnr» I/O 
(Xr IOC \I\J 


n 

U 7-0 


Rata I/O Pnrt 
UdldL l/\J r Oil 


TTI 


"\A 91 




A 1-0 


lnProc Port Controls 


TTL 
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Chip Select 


TTL 
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TTI 

1 1 L. 
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R/W\ 


Bu<5 Rpari/Writp Control 


TTL 


7 


Video Output 


COMPOSITE 


NTSC/PAL Video 


1 VP-P 


33 




LUMA 


1 i iminflnpp-nnlx/ X/i'Hpo 

L.UI 1 III ICII IvC \JMly V 


1 V I I 






CHROMA 


wi ii \ji i in idi i\jxs \jii\y viucv 


1 V P-P 


37 


Reference 


Vref 


Voltage Reference Input 


+1 .23 V 


30 




COMP 


Compensation Capacitor 


0.1 jxF 


39 




^REF 


Current-setting Resistor 


392 Q 


31 


JTAG I/O 


TDI 


Data Input Port 


TTL 


25 




TMS 


Scan SpIpot Innut 


TTL 


24 




TCK 


Scan Clock Input 


TTL 


23 




TDO 


Data Output Port 


TTL 


22 


Power 


V DDA 


Analog Power Supply 


+5 V 


40-43 




Vdd 


Digital Power Supply 


+5 V 


27, 64, 81 


Ground 


A GND 


Analog Ground 


0.0 V 


32, 34, 36, 38 




D GND 


Digital Ground 


0.0 V 


10, 26,65, 80 


Test 


TEST 


Factory testing (22090/091) 


0.0 V 


28, 29, 48-51 
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Control Registers 

The TMC22x9x is initialized and controlled by a set 
of registers which provide a high degree of control 
over the TMC22x9x's operating parameters. The 
registers are organized into 13 categories: 

1 . Global Control 

2. Format Control 

3. Interface Control 

4. Test Control 

5. Key Control 

6. Misc. Control (22091/191) 

7. Standards Control (22091/1 91 ) 

8. Layering Control (221 90/1 91 ) 

9. Key Value 

10. Timing 

1 1 . Subcarrier 

12. Test I/O 

13. Mask Register 

An external controller loads the Control Registers 
through a standard interface port. It also loads the 
CLUT and verifies (reads) its contents or those of 
the Control Registers. The port is governed by 
pins CS\, R/W\, and A^q. 



Table 3. Microprocessor Port Control 



A 1-0 


R/W\ 


Action 


00 


0 


Load D 7 . 0 into Control Register pointer. 


00 


1 


Read Control Register pointer on D 7 _ 0 . 


01 


0 


Load D 7 _ 0 into CLUT Address Register. 


01 


1 


Read CLUT Address Register on D 7 . 0 . 


10 


0 


Write D 7 _ 0 to addressed Control Register. 


10 


1 


Read addressed Control Register on D 7 . 0 . 


11 


0 


Write D 7 _ 0 to addressed CLUT location. 


11 


1 


Read addressed CLUT location on D 7 . 0 . 



The Address Register for the CLUT and the Control 
Register pointer automatically increment to allow 
successive writes to sequential addresses. In the 
CLUT, the Address Register has two additional bits 
which increment in modulo-three to sequentially 
access the red, green, and blue portions. All three 
colors must be written when any CLUT address is 
changed. 

The control register autoincrement follows the 
sequence indicated in the Control Register Map. 
When it reaches address 40, it stops incrementing, 
allowing multiple reads or writes of test data from/to 
the TESTDAT register. To exit the test mode, reset 
the Control Register pointer by setting A^q, D 7 . 0 , 
and R/W\ LOW and then bring CS\ LOW. Address 
1 F is a read-only status register. It is addressed by 
the autoincrement sequencer. Any data may be 
written into this port at that time but it will not be 
stored. When address 50 is accessed, no 
autoincrement takes place, allowing multiple writes 
to the Mask Register. 
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Table 4. Control Register Map 



Reg 


Bit 


Mnemonic 


Function 








Global Control Register 


00 


7-5 




(reserved) 


00 


4 


SRESET\ 


Software reset 


00 


3 


PAL 


Standard select, NTSC or PAL 


00 


2 


LUMDIS 


Luminance input disable 


00 


1 


CHRDIS 


Chrominance input disable 


00 


0 


HRESET 


Software reset disable 








Format Control Register 


01 


7 




(reserved) 


01 


6 


LCREN 


Layering Control Register enable 








(22190/191) 


01 


5 


RAMPEN 


Modulated ramp test 


01 


4 


CB\ 


Color bar test 


01 


3-2 


FORMAT 


PD23_o input format select 


01 


1-0 


INMODE 


PD 2 3_o input mode select 








Interface Control Register 


02 


7 


VITSEN 


VITS lines enable 


02 


6 


SHCY 


Short-cycle test mode 


02 


5-4 


TBASE 


Time-base source select 


02 


3 


SOUT 


Sync output mode select 


02 


2 


FBDIS 


Frame buffer signals disable 


02 


1 


PDCDIR 


PDC master, slave select 


02 


0 


FLDLK 


Field lock select 








Test Control Register 


03 


7 




(reserved) 


03 


6 


LIMEN 


Luminance limiter enable 


03 


5 


TESTEN 


Test enable 


03 


4 


HOLDEN 


MSBs/LSBs hold select 


03 


3 


TSTMSB 


LSBs, MSBs in/out select 


03 


2 


LUMTST 


LUMA channel test 


03 


1 


8FSUBR 


8-field subcarrier reset enable 


03 


0 


CHRTST 


CHROMA channel test 








Key Control Register 


04 


7 




(reserved) 


04 


6 


HKEN 


Hardware key enable 


04 


5 


BUKEN 


Burst key enable 


04 


4 


SKEXT 


Data key operation select 


04 


3 


DKDIS 


Green/red/Y data key disable 


04 


2 


EKDIS 


Blue/green/C B data key disable 


04 


1 


FKDIS 


Red/blue/C R data key disable 


04 


0 


SKEN 


Data key enable 








Layering Control Register 








(22190/191) 


04 


7 


LAYMODE 


MSB of Layer Assignments select 


04 


6 


HKEN 


Hardware key enable 


04 


5 


BUKEN 


Burst key enable 



Reg 


Bit 


Mnamonir 

■wis lei 1 Iwl 1 tw 


Function 


04 


4 


SKEXT 


Data key operation select 


04 


3-1 


LAYMODE 


LSBs of Layer Assignments 








select 


04 


0 


SKEN 


Data key enable 








lCct\j \/flliiA Raft fetors 
ix© y value r»oy loitji *> 


05 


7-0 


nkFY 

L/r\c i 


VJueeil/revJ/ T uala Key Value 


06 


7-0 


EKEY 


Rli la/nroon/f^r* Hsits If 01/ wall 10 
ljI Uo/y 1 ooll/wp Uala I\ey Value 


UY 


7 ft 

/-u 


Fl^FV 

rr\c y 


Red/blue/Cp data key value 


Uo-UL 






(reserved) 








Misc. Control Register 


0E 


7 


EFEN 


Register 0E and OF enable 


0E 


6 


COMPD/A 


COMPO^ITF D/A dkahla 
vvivirwoi 1 c_ \Jlry Uloau>le 


0E 


5 


SViDD/A 


LU MA/CHROMA D/A disable 


nF 


A 


FKRFN 


L_urninance processing enauiea 


0E 


3 


RATIO 


l_Ui 1 III leu ICe lallO SeleCl 


0E 


2 


TFLK 


1 iiminanoo rtacc throe Ho IH eaiar^t 
L.uilllilal lOe jJaoa lllieollUlu oeleOl 


0E 


1 


T512 


EH/SL offset select 


0E 


0 


CB100 


NTSC/PAL Color Bars 








Standards Control Register 


OF 


7 


EFEN 


Qairto ae Don fiF Kit 7 Hi it roaH- 
oame as noy ul uii / uui reau- 








only 


OF 


6 


SIX25 


RPR/^P^ lino nor framo Qoloft 
\jcsji \JC\J in 1x3 ^/ei 11 an ib oeievsi 


OF 


5 


PALID 


Pha^e attamata lino ^olart 

1 1 iaoe aiiei 1 laie 111 le ooiovi 


nF 


A 
H 


QFTI IP 
oc i ur 


7 R IRF Pari octal Fnahlo 
/ .O lriL_ reUoolal cnaUle 


OF 


oc 


YGAIN 


uUilllilallv/e yalll Sellliiyo 


OF 


1-0 


CGAIN 


will uiiiii laiiwB yaiii oeiunyo 








Tlmlna Reaistors 


10 


7-0 


SY 


Hori^nntai wnp tin lonnth 


11 


7-0 


BR 


Diee<cevvay leiiym 


12 


7-0 


BU 


Burst length 


13 


7-0 


CBP 


Color back porch length 


14 


7-0 


XBP 


Extended color back porch 8 LSB 


15 


7-0 


VA 


Active video 8 LSB 


16 


7-0 


VC 


Artiv/A virion <;tart PS 1 SR 


17 


7-0 


VB 


Ar*tiv/a virion onri ft 1 QR 


18 


7-6 


XBP 


CAIBIIUBU OUIUl UdUIV pUlCll C. IVIOD 


18 


5-4 


VA 


Active video 2 MSB 


18 


3-2 


VC 


Active video start 2 MSB 


18 


1-0 


VB 


Active video end 2 MSB 


19 


7-0 


FP 


Front porch length 


1A 


7-0 


EL 


Equalization pulse LOW length 


1B 


7-0 


EH 


Equalization pulse HIGH length 


1C 


7-0 


SL 


Vertical sync LOW length 


1D 


7-0 


SH 


Vertical sync HIGH length 


1E 


7-0 


CBL 


Color bar length 


1F 


7-5 


FIELD 


Field identification 


1F 


4-0 


LTYPE 


Line type identification 



Notes: 1 . Functions are listed in the order used for reading and writing. 

2. For each register listed above, all bits not listed are reserved and should be set to zero to ensure proper 
operation. 

3. The meaning of Register 04 (Key Control Register/Layering Control Register) is determined by Format Control 
Register bit 6 (22190/191) 
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Table 4. Control Register Map (continued) 



Reg 


Bit 


Mnemonic 


Function 








Subcarrier Registers 


20 


7-0 


FREQL 


Subcarrie ' frequency 4th byte 








(LSBs) 


£1 


/-u 


cdcao 
rntvjo 


Subcarrier frequency 3rd byte 


22 


7-0 


FREQ2 


Subcarrier frequency 2nd byte 


do 


7 f\ 
/-U 


rntvJlvi 


Subcarrier frequency 1 st byte 








(MSBs) 


OA 


"7 A 
f-\J 


CVCDUI 


*%U«e A «*Me»rt4 1 CDs 

video pnase onset Lobs 


25 


7-0 


SYSPHM 


Video phase offset MSBs 


OR 


/ -u 


DUnrnL 


Burst phase offset LSBs 


27 


7-0 


BURPHM 


Burst phase offset MSBs 


28-3F 






(reserved) 








Test I/O Register 


40 


7-0 


TESTDAT 


Test data input/output 








Mask Register 


50 


7-0 


MASK 


Mask register 








Y-Component Register 


60 


7-0 


Y 


Y-comporent input/output 
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Control Register Definitions 



Reg 


Bit 


Mnemonic 


Function 








Global Control Register 


00 


7-5 




(reserved) 


00 


4 


SRESETX 


Software reset. When 
LOW, resets and holds 
internal state machines and 
disables outputs. When 
HIGH (normal), starts and 
runs state machines and 
enables outputs. 


00 


3 


PAL 


Video standard select. 
When LOW, the NTSC 
standard is generated with 
7.5 IRE pedestal. When 
HIGH, PAL standard video 
is generated. In the 
TMC22091/191,this bit is 
ignored if Register 0E bit 7 
is HIGH, enabling the 0E 
and OF registers. 


00 


2 


LUMDIS 


Luminance input disable. 
When LOW (normal), 
luminance (Y) data from 
external frame buffer is 
enabled. When HIGH, 
luminance (Y) data into the 
TMC22x9x is forced to 0 
IRE but sync pulses 
continue from the LUMA 
output. 


00 


1 


CHRDIS 


Chrominance input disable. 
When LOW (normal), burst 
and frame buffer data into 
the TMC22x9x are enabled, 
when HIGH, burst and 
frame buffer data are 
suppressed, enabling 
monochrome operation. 


00 


0 


H RESET 


Software reset enable. 
SRESET is forced LOW 
when the RESET\ pin is 



Raytheon 



Reg 


Bit 


Mnemonic 


Function 








taken LOW. State 
machines are reset and 
held. When HRESET is 
LOW, RESETX may be 
taken HIGH at any time. 
The TMC22x9x is enabled 
and a new frame is begun 
with line 1 , field 1 on the 
next PXCK after SRESET 
is set HIGH. The D/A 
converters are powered 
down while RESETA is 
LOW. When HRESET is 
HIGH a new frame is 
begun with line 1, field 1 on 
the next PXCK after 

U l\> 1 1 \^ /V l 1 /AVI X wll Ivl 

RESET\ is taken HIGH. 
SRESET is ianored The 
D/A converters remain 
active during the reset 
sequence. 








Format Control Register 


01 


7 




(reserved) 


01 


6 


LCREN 
(22190) 
(22191) 


Layering Control Register 
enable. When LOW, the 
Layering Control Register 
is not available and Key 
Control Register functions 
are enabled. In this mode, 
the TMC22190/191 
functions like the 
TMC22090/091. When 
HIGH, the Layering Control 
Register takes the place of 
the Key Control Register 
and enables the layering 
functions. Data loaded into 
the Key or Layering Control 
Registers will remain but 
have a different meaning if 
this bit is changed. 
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Reg 



Bit 



01 



01 



01 



3-2 



01 



1-0 



Mnemonic 



RAMPEN 



CB\ 



FORMAT 



INMODE 



Function 



Modulated ramp test. 
When LOW (normal), the 
TMC22x9x encodes and 
outputs video 
corresponding to input 
data. When RAMPEN and 
CB\ are both HIGH, an 
internally generated 40 IRE 
modulated ramp is 
produced, preempting input 
data. 

Color bar test. When HIGH 
(normal), the TMC22x9x 
encodes and outputs video 
corresponding to input 
data. WhenCB\, 
RAMPEN, and Format 
Control Register bit 0 are 
LOW, internally generated 
color bars are produced, 
preempting input data. 

PD 23-o in P ut f° rmat select. 
Two bits select RGB, GBR, 
or YC B C R input data. 
When bits 3 and 2 are: 

00, the CLUT output is 
interpreted as RGB and 
is converted to YC B C R . 

10, the CLUT output is 
interpreted as GBR, 
and is converted to 
YC B C R . 

11, the CLUT output is 
interpreted as YC B C R . 

01, is reserved 

Bits 3 and 2 must be 00 or 
1 0 when the Layering 
Control Register is enabled 
(22190/191). 

PD 23-o in P ut m ocle select. 
These two bits set up the 
TMC22x9x for either 444, 
422, 15-bit, or 8-bit input 



Reg 



02 



02 



02 



Bit 



5-4 



Mnemonic 



VITSEN 



SHCY 



TBASE 



Function 



modes. 

00, 24-bit/pixel GBR, RGB, 
or YC B C R 444 data 
enters from PD 2 3_ 0 

01, YC B C R 422 data enters 
from PD 23 . 8 ; C R and C B 
alternate from PD 15 . 8 

10, 15-bit/pixelGBRor 
RGB data from PD 14 . 0 

11, 8-bit/pixel color 
indexed data enters 
from PD 7 . 0 . 

Bits 1 and 0 must be 00, 
01, or 11 when the 
Layering Control Register is 
enabled (22190/191). 

Interface Control Register 

VITS lines enable. When 
LOW, all UBB lines in the 
vertical interval are black 
burst regardless of input 
data. When HIGH, all UBB 
lines in the vertical interval 
become U VV active video 
and are dependent upon 
input data. 

Short-cycle test mode. 
When LOW, normal 
operation is enabled, when 
HIGH, EH (equalization 
pulse HIGH length) and SL 
(vertical sync LOW length) 
are shortened by 256. 

Time-base source select. 
These two bits set up the 
TMC22x9x for either 
genlock or frame buffer 
control of timing. When bits 
5 and 4 are: 

00, the encoder counts out 
its own time-base from 
input clock PXCK. 
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Reg 



Bit 



02 



02 



02 



02 



03 



Mnemonic 



SOUT 



FBDIS 



PDCDIR 



FLDLK 



Function 



01 , the encoder locks to 
synchronizing signals 
from external genlock. 

1 0, the encoder locks to 
synchronizing signals 
from frame buffer 
controller. 

Sync output mode select. 
When LOW, VHSYNC\ and 
VVSYNC\ output separate 
horizontal and vertical sync 
pulses. When HIGH, 
composite sync (H and V) 
is output on y VSYNC\ while 
horizontal sync is output on 
VHSYNCV 

Frame buffer signals 
enable. When LOW, 
VVSYNC\and VHSYNC\ 
outputs to frame buffer are 
enabled. When HIGH, 
VVSYNC\and VHSYNC 
outputs to frame buffer are 
disabled. 

PDC master/slave select. 
When LOW, PDC is an 
output where the encoder is 
requesting data from the 
frame buffer. When HIGH 
PDC is an input, and directs 
the encoder to accept data 
from the frame buffer. 

Field lock select. When 
LOW, (in Slave mode) the 
encoder locks to each new 
field. When HIGH, the 
encoder locks to field 1 
only. 

Test Control Register 

(reserved) 



Reg 



03 



03 



03 



03 



03 



03 



Bit 



Mnemonic 



LI MEN 



TESTEN 



HOLDEN 



TSTMSB 



LUMTST 



8FSUBR 



Function 



Luminance limiter enable. 
When LOW, all luminance 
values are passed to 
modulator, when HIGH, 
luminance values are 
limited to 101 IRE. 

Test enable. When LOW, 
normal operation is 
enabled. When HIGH, 
TESTDAT 7 _ 0 (Register 40) 
is connected to the 
composite output (READ) 
and D/A converters 
(WRITE) for test. 

MSBs/LSBs hold select. 
When LOW, alternates 
MSBs and LSBs in test, at 
PXCK rate. When HIGH, 
reads/writes only MSBS or 
LSBS in test (per TSTMSB, 
bit 3) 

LSBS, MSBS hold select. 
When LOW, connects 2 
LSBs to TESTDAT^q for 
testing when TESTEN is 
HIGH. When HIGH, 
connects 8 MSBs to 
TESTDAT 7 . 0 for testing 
when TESTEN is HIGH. 

LUMA channel test. When 
LOW (normal), the 
luminance D/A converter is 
driven from luminance 
channel. When HIGH, the 
luminance D/A converter is 
driven from TESTDAT for 
testing when TESTEN is 
HIGH. 

8-field subcarrier reset 
enable. When LOW, the 
internal subcarrier 



2-42 



Raytheon Semiconductor 



For More Information call 1-800-722-7074. 



TMC22X9X 



Reg 



Bit 



03 



04 
04 



7 
6 



04 



04 



Mnemonic 



CHRTST 



HKEN 



BUKEN 



SKEXT 



Function 



generator is reset with 
frequency and phase data 
from FREQ, SYSPH, and 
BURPH registers every 
eight fields. When HIGH, 
the internal subcarrier 
generator free-runs on the 
basis of frequency and 
phase data from the last 
time it was reset. When 
RESET\ goes LOW, the 
subcarrier frequency and 
phase will be reset from 
FREQ, SYSPH, and 
BURPH after field 8. 

CHROMA channel test. 
When LOW (normal), the 
chrominance D/A converter 
is driven from chrominance 
channel. When HIGH, the 
chrominance D/A converter 
is driven from TESTDAT 
when TESTEN is HIGH. 

Key Control Register 

(reserved) 

Hardware key enable. 
When LOW, the KEY input 
pin ignored. When HIGH, 
the KEY input pin is 
enabled. 

Burst key enable. When 
LOW, output video burst is 
generated on TMC22x9x. 
When HIGH, output burst is 
taken from genlock input 
data. 

Data key operation select. 
When LOW, data keying is 
allowed only during active 
video. When HIGH, data 



Reg 



04 



04 



04 



04 



04 



Bit 



Mnemonic 



DKDIS 



EKDIS 



FKDIS 



SKEN 



LAYMODE 



Function 



keying is allowed during 
active video and blanking. 

Green/red/Y data key 
disable. When LOW, 
green/red/Y input data is 
enabled for data keying. 
When HIGH, green/red/Y 
input data is ignored for 
data keying. This function 
is enabled when Layering 
Control Register is enabled 
(22190/191). 

Blue/green/C B data key 
disable. When LOW, 
Blue/green/C B input data is 
enabled for data keying. 
When HIGH, Blue/green/C B 
input data is ignored for 
data keying. This function 
is enabled when Layering 
Control Register is enabled 
(22190/191). 

Red/blue/C R data key 
disable. When LOW, 
red/blue/C R input data is 
enabled for data keying. 
When HIGH, red/blue/C R 
input data is ignored for 
data keying. This function 
is enabled when Layering 
Control Register is enabled 
(22190/191). 

Data key enable. When 
LOW, data keying is 
disabled. When HIGH, 
data keying is enabled. 

Layering Control Register 
(22190/191) 

MSB of Layer Assignments 
select 
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Reg 


Bit 


Mnemonic 


Function 


04 


6 


HKEN 


Hardware key enable. 
When LOW, the KEY input 
pin ignored. When HIGH, 
the KEY input pin is 
enabled. 


04 


5 


BUKEN 


Burst key enable. When 
LOW, output video burst is 
generated on 
TMC22190/191. When 
HIGH, output burst is taken 
from genlock input data. 


04 


4 


SKEXT 


Data key operation select. 
When LOW, data keying is 
allowed only during active 
video. When HIGH, data 
keying is allowed during 
active video and blanking. 


04 


3-1 


LAYMODE 


three LSBs of Layer 
Assignments select 


04 


0 


SKEN 


Data key enable. When 
LOW, data keying is 
disabled. When HIGH, 
data keying is enabled. 

Key Value Registers 


05 


7-0 


DKEY 


Green/red/Y data key 
value. Eight bits hold the 
match value which triggers 
keying on red/Y. 


06 


7-0 


EKEY 


Blue/green/U data key 
value. Eight bits hold the 
match value which triggers 
keying on green/U. 


07 


7-0 


FKfcY 


Red/blue/V key value. 
Eight bits hold the match 
value which triggers keying 
on blue/V. 



Reg 



OE 



OE 



OE 



OE 



Bit 



Mnemonic 



EFEN 



COMPD/A 



SVIDD/A 



FKREN 



Function 



Misc. Control Register 
(22091/191) 

Register OE and OF enable. 
When LOW, the functions 
of Register OE and OF are 
disabled. When HIGH, 
Registers OE and OF are 
active. When Registers OE 
and OF are enabled, 
Register 00 bit 3 is ignored. 

ForTMC22091/191, 
Register OE bit 7 will read 
back whatever value was 
written. For 

TMC22090/190 Register OE 
bit 7 will only read back 
LOW. 

COMPOSITE D/A disable 
When HIGH, the 
COMPOSITE D/A converter 
is powered-down. When 
LOW, the D/A is enabled. 

LUMA/CHROMA D/A 
disable. When HIGH, the 
LUMA and CHROMA D/A 
converters are powered- 
down. When LOW, they 
are enabled. 

Luminance processing 
enable. When FKREN is 
HIGH, the KEY input 
defines the function of 
CVBS input data/When 
the KEY input is HIGH, 
CVBS data is keyed over 
PD input data. When KEY 
is LOW, CVBS data is 
assumed to be luminance 
data delayed by one field. 
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Reg 



Bit 



OE 



OE 



OE 



Mnemonic 



RATIO 



TFLK 



T512 



Function 



When FKREN is LOW, the 
KEY input operates 
normally, switching 
between CVBS and PD 
data. 

Luminance ratio control bit. 
When LOW, 1/2 of current 
luminance and 1/2 of field 
delayed luminance from the 
CVBS input are added to 
yield a new combined 
luminance value. When 
RATIO is HIGH, 3/4 of 
current luminance is added 
to 1/4 of the delayed 
luminance to produce a 
new luminance value. 

Luminance-pass threshold. 
The difference between 
current luminance and 
delayed luminance (from 
the CVBS inputs) is 
compared against a preset 
threshold set by TFLK. 
When TFLK is LOW, the 
high threshold must be 
exceeded to trigger the 
combining of current and 
delayed luminance 
(according to RATIO). If 
the higher threshold is not 
exceeded, current 
luminance is passed 
without modification. 

When TFLK is HIGH, a 
lower threshold is used to 
trigger the combining of 
current and delayed 
luminance. 

EH/SL offset control bit. 
When LOW, the true value 
of EH arjd SL is offset by 



Reg 


Bit 


Mnemonic 


Function 








256. When HIGH, the true 
value for EH and SL is 
offset by 512. 


OE 


0 


CB100 


NTSC/PAL color bars 
select. When HIGH, color 
bars with 100% white level 
are selected. When LOW, 
color bars will have 75% 
white level. 

Standards Control 
Register (22091/191) 


OF 


7 


EFEN 


Same as Register OE bit 7, 
but read-only. 


AC 

Or 


b 


O IVOR 


oeiect d^o lines per irame. 
When HIGH, the encoder 
assumes 625 line per 
frame. When LOW, 525 
lines per frame are 
assumed. 


OCT 

Ur 


0 


dai in 
rALIU 


rAL select, wnen nion, 
Phase alternate line (PAL) 
operation is selected. 
When LOW, operation 
conforms to NTSC 
standards. 


OF 


4 


SETUP 


Setup enable. When 
HIGH, a 7.5 IRE Pedestal is 
added to the output video, 
when LOW, no pedestal is 
added. 


OF 


3-2 


YGAIN 


Luminance gain settings 
are adjusted to conform to 
the following NTSC and 
PAL standards: 

00 NTSC without SETUP 

01 NTSC-A and PAL-M 

10 PAL-I and PAL-N 

11 (reserved) 
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Reg 


Bit 


Mnemonic 


Function 


OF 


1-0 


CGAIN 


Chrominance gain settings 
are adjusted to conform to 
the following NTSC and 
PAL standards: 
uu in i oo witnout ot 1 Ur 
01 NTSC-A and PAL-M 

10 PAL-I and PAL-N 

11 (reserved) 

Timing Registers 


10 


7-0 


SY 


Horizontal sync tip length. 
This 8-bit register holds a 
value extending from 0 to 
^oo POK cycles. 


11 


7-0 


BR 


Breezeway length. This 8- 
bit register holds a value 
extending from 0 to 255 
rOK cycles. 


12 


7-0 


BU 


Burst length. This 8-bit 
register holds a value 
extending from 0 to 255 
pok cycles. 


13 


7-0 


CBP 


Color back porch length. 
This 8-bit register holds a 
value extending from 0 to 
255 PCK cycles. 


14 


7-0 


XBP 


Extended color back porch 
o Lobs. 1 nis o-Dit register 
holds the LSSs of a 10-bit 
value extending from 0 to 
1023 PCK cycles. The two 
MSBs are located in control 
register 18. 


15 


7-0 


VA 


Active video 8 LSBs. This 

ft— hit rPAiQfpr hnlric thp 

LSBs of a 10-bit value 
extending from 0 to 1 023 
PCK cycles. The two 
MSBs are located in control 
register 18. 



Raytheon 



Reg 


Bit 


Mnemonic 


Function 


16 


7-0 


VC 


Active video start 8 LSBs. 
This 8-bit register holds the 
LSBs of a 10-bit value 
which is the initial half 
active video length 
extending from 0 to 1023 
PCK cycles. The two 
MSBs are located in control 
register 18. 


17 


7-0 


VB 


Active video end 8 LSBs 
This 8-bit register holds the 
Lobs ot a i u-Dit value 
which is the end half active 
video length extending from 
Oto 1023 PCK cycles. The 
two MSBs are located in 
control register 18. 


18 


7-6 


XBP 


Extended color back porch 
c. mods, i nese two diis 
hold the MSBs of a 10-bit 
value extending from 0 to 
1023 PCK cycles. The 
LSBs are located in control 
register 14. 


1 Q 


0-4 


VA 


Active viaeo d. mod. i nese 
two bits hold the MSBs of a 
10-bit value extending from 
Oto 1023 PCK cycles. The 
LSBs are located in control 
register 15. 


18 


3-2 


VC 


Active video start 2 MSBs. 
These two bits hold the 
MSBs of a 10-bit value 
which is the initial half 
active video length 
extending from 0 to 1023 
PCK cvcles The LSB^ are 
located in control register 
16. 


18 


1-0 


VB 


Active video end 2 MSBs. 
These two bits hold the 
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Reg 


Bit 


Mnemonic 


Function 








mods ot a iu-dii value 
which is the end half active 
video length extending from 
Oto 1023 PCK cycles. The 
LSBs are located in control 
register 1 / . 


19 


7-0 


FP 


Front porch length. This 8- 
bit register holds a value 
extending from 0 to 255 
r oi\ cycles. 


1A 


7-0 


EL 


Equalization pulse LOW 
length. This 8-bit register 
holds a value from 0 to 255 
PCK cycles. 


1B 


7-0 


EH 


Equalization pulse HIGH 
length. This 8-bit register 
holds a value extending 

frnm H tn ORR PPK r»\/He»c 
iiuiM u iu i v/r\ uyv/ioo. 

This value, when added to 
256 (or 512), determines 
the final pulse length in the 
range of 256 to 511 (or 
767) PCK cycles. 


1C 


7-0 


SL 


Vertical sync LOW length. 
This 8-bit register holds a 

x/alno from fi tn ORR PP'K 
Value liCiTl U lO C.OO r wr\ 

cycles. This value, when 
added to 256 (or 512), 
determines the final pulse 
length in the range of 256 

to R1 1 (r\r 1K7\ PPK rvrloc 


1D 


7-0 


SH 


Vertical sync HIGH length. 
This 8-bit register holds a 
value extending from 0 to 
255 PCK cycles. 


1E 


7-0 


CBL 


Color bar length. This 8-bit 
register holds a value which 
is the length of each color 
bar displayed extending 
from 0 to 255 PCK cycles. 
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Reg 


Bit 


Mnemonic 


Function 


1F 


7-5 


FIELD 


Field identification (read 
oniyj. i nese inree diis are 
updated 12 PXCK periods 
after each VHSYNCV They 
allow the user to determine 
field type on a continuous 
basis. 


1F 


4-0 


LTYPE 


Line type identification 
(read only). These five bits 
are updates 5 PXCK 

(JCl llsvJo CM ICI CClVsl 1 

VHSYNCV They allow the 
user to determine line type 
on a continuous basis. 

Subcarrier Registers 


20 


7-0 


FREQL 


Subcarrier frequency 4th 
byte (LSBs). This 8-bit 

7-0) of the 32-bit subcarrier 
frequency value (non- 
genlock modes). The next 
eight most significant bits 
are held in Register 21. 


21 


7-0 


FREQ3 


Subcarrier frequency 3rd 

hv/fp Xhic fi-hit ronictor 
uyic i iiio o uu icyioici 

holds bits 15:8 of the 
subcarrier frequency value 
(non-genlock modes). The 
next eight most significant 
bits are held in Register 22. 


22 


7-0 


FREQ2 


Subcarrier frequency 2nd 

hx/tp ThiQ 8-hit rpntatpr 
holds bits 23-16 of the 
subcarrier frequency value 
(non-genlock modes). The 
eight MSBs are held in 
Register 23. 


23 


7-0 


FREQM 


Subcarrier frequency 1st 
byte (MSBs). This 8-bit 
register holds the MSBs 
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Reg 



Bit 



24 



7-0 



25 



7-0 



26 



27 



7-0 



7-0 



40 



7-0 



50 



7-0 



Mnemonic 



SYSPHL 



SYSPHM 



BURPHL 



BURPHM 



TESTDAT 



MASK 



Function 



(bits 31 -24) of the 32-bit 
subcarrier frequency value 
(non-genlock modes). 

Video phase offset LSBs. 
This 8-bit register holds the 
8 LSBs of color subcarrier 
phase offset during active 
video. 

Video phase offset MSBs. 
This 8-bit register holds the 
8 MSBs of color subcarrier 
phase offset during active 
video. 

Burst phase offset LSBs. 
This 8-bit register holds the 
8 LSBs of burst phase 
offset for color adjustment. 

Burst phase offset MSBs. 
This 8-bit register holds the 
8 MSBs of burst phase for 
color adjustment. 

Test I/O Register 

Test data input/output. 
This 8-bit register holds 
MSBs or LSBs, as 
determined by the Test 
Control Register. This 
control address does not 
autoincrement during read 
or write operations. To exit 
the test mode, reset the 
Control Register pointer by 
setting A.,_ 0 and R/W\ LOW 
and then bring CS\ LOW. 

Mask Register 

Mask register. This 8-bit 
register holds an 8-bit word 
that is logically ANDed with 



Reg 



60 



Bit 



7-0 



Mnemonic 



Function 



the incoming data 
presented to the three 
CLUTs in color-index mode 
This register is a write-only 
register. 

Y-Component Register 

Y-component register. This 
register holds the contents 
of the luminance value 
before the Sync and Blank 
Insert circuitry of the 
encoder. Loading the 
Control Register pointer 
with 60 h brings 8-bit Y 
values out on the D 7 . 0 port 
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Color Lookup Table 

The GLUT can be used in a variety of ways, 
depending on the data format and source 
presented to the PD port. 

The CLUT is loaded like a RAMDAC, sequentially 
writing one byte to each of the three locations 
associated with the selected CLUT address. 
These three locations are referred to as Tables D, 
E, and F (not R,G, and B because they may or may 
not contain RGB information), and are loaded in 
that sequence. The address will increment 
automatically after the three values at one address 
are written or read. 

Color-index Modes 

In color-index (CI) mode, the CLUT is used to store 
the color look-up data, translating the 8-bit source 
pixel data into 24-bit RGB colors. Table D holds 
red data, Table E is green data, and Table F holds 
blue Data. The incoming data are presented to the 
three tables in parallel, and a 24-bit output is 
produced. 

When the encoder is connected in parallel with a 
RAMDAC in a VGA system, the CLUT can be 
loaded simultaneously with the CLUT in the output 
RAMDAC. If a 6-bit RAMDAC is employed, 6 bits 
can be loaded via data pins D 7 . 2 (MSB justified). 
The two LSBs should be set to 00 for optimal black 
level representation, but the largest error 
introduced by extraneous data in the LSBs is 3/4 
LSB (at 6 bits). The encoder will produce the 
closest possible translation of the VGA colors in the 
encoded video environment. 

GBR/RGB Modes 

The nominal configuration for GBR/RGB modes is 
unity gain (CLUT data = CLUT address) for PAL 
and NTSC. Other transfer functions, such as gain 



adjustment, offset, and gamma correction, are 
easily loaded. The color data is loaded into the 
tables in G-B-R sequence in GBR mode, and R-G- 
B sequence in RGB mode. 

Luminance/Color Difference Modes 

The TMC22x9x expects Y, B-Y, and R-Y signals at 
the input to its modulator section. When presenting 
CCIR-601 YC B C R or digitized Y, B-Y, R-Y data to 
the CLUT, gain and offset factors are needed. 
Table 5 specifies the recommended transfer 
functions. CLUTs are loaded in Y-C B -C R 
sequence. 

Overlay Operation 

For the TMC22090/091 and TMC22 190/1 91 (when 
Format Control Register Bit 6 = LOW), the OL 4 . 0 
inputs are inactive. In CCIR-601 operation, the 
nominal data range for Y is from 1 6 to 235 and for 
C B and C R is from 16 to 240. This means that 
CLUT locations 0 to 15 and 241 to 255 are 
available for overlay colors. When the overlay 
locations are addressed (by forcing CLUT 
addresses outside the normal CCIR-601 data 
range), the addressed CLUT data is encoded 
resulting in the specific color found in that CLUT 
location. Overlay colors information stored in the 
unused CLUT locations must be Y, B-Y, R-Y 
values. Y, B-Y, and R-Y values are found from 
RGB values by: 

Y = 0.299 R + 0.587 G + 0.114 B 
B-Y = -0.299 R - 0.587 G + 0.886 B 
R-Y = 0.701 R - 0.587 G - 0.114 B 

For the TMC22190/191 , when the Format Control 
Register Bit 6 = HIGH, Overlay is controlled by the 
OL 4 _ 9 inputs which directly access CLUT locations, 
01 thru OF and F1 thru FF. The values stored in 
these CLUT locations are to be in RGB format. 
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Table 5. CLUT Transfer Functions for NTSC and PAL 



Input Format (CLUT Address) 
Component Data Range 


Transfer Equations 


Output Format (CLUT Data) 
Component Data Range 


R 0 to 255 
G 0 to 255 
B 0 to 255 


1-1 
1-1 
1-1 


R Q 0 to 255 
G Q 0 to 255 
B Q 0 to 255 


Y 16 to 235 
C B +/-112 
C R +/-112 


Y Q = Y* 1.1644-18.63 
(B-Y) 0 = C B * 1.0126 
(R-Y) 0 = C R * 0.801 1 


Y Q 0 to 255 
(B-Y) 0 +/-113 
(R-Y) 0 +/-90 


Y 0 to 255 
B-Y +/-127 
R-Y +/-127 


1-1 

(B-Y) 0 = (B-Y) * 0.893 
(R-Y) 0 = (R-Y) * 0.7065 


Y Q 0 to 255 
(B-Y) 0 +/-113 
(R-Y) 0 +/-90 



Table 6. CLUT Locations Addressed by 
Overlay Inputs (22190/191) 



OL4.0 


CLUT location 


00 


No Overlay 


01 


01 


02 


02 


0E 


0E 


OF 


OF 


10 


No Overlay 


11 


F1 


12 


F2 


1E 


FE 


1F 


FF 



Color-space Conversion in the Matrix 

When the input pixels are in RGB, GBR, or color- 
index format and the CLUTs are bypassed 
(22190/191), the Matrix remains enabled, 
converting RGB data to color-difference format. 
When the input pixels are in 444 format 
(YC B C R 444, RGB, GBR, CI), the Interpolator 
(which converts 422 to 444) is not active. When 
the input pixels are in YC B C R format, the CLUTs 
are enabled and scale that data to color-difference 
values, leaving the Matrix inactive. In color-index 
mode, the Matrix is active, converting the RGB 
CLUT output data to color-difference values. 
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Table 7. Pixel Input Operation for Format Control Register bit 6 = HIGH (22190/191) 



Format Control Register 


Pixel Data Format 


FORMAT 

Bit 3,2 


INMODE 

Bit 1,0 


BYPASS\=LOW 

CLUTs bypassed 


BYPASS\=HIGH 

CLUTs enabled 


00 (RGB) 
00 
00 
00 


00 (444) 

01 (422) 

10 (15-bit) 

11 (CI) 


RGB 
RGB 
RGB 
RGB 


YC B C R 444 
YC B C R 422 
RGB15 
CI 


01 


XX 


reserved 


reserved 


10 (GBR) 
10 
10 
10 


00 (444) 

01 (422) 

10 (15-bit) 

11 (CI) 


GBR 
GBR 
GBR 
GBR 


YC B C R 444 
YC B C R 422 
GBR15 
CI 


11 


XX 


not allowed 


not allowed 



Figure 2. Pixel Data (PD 23 . 0 ) Sequence for YC B C R 422 



Format Control Register Bit 6 = HIGH 



Format Control Register Bit 6 = LOW 



Pixel n 
(n-odd) 
Pixel n+1 





MSB 

23 16 15 


8 


LSB 




MSB 

23 16 15 




LSB 


Pixel 1 




jc 3 , 2 




I I IcW I I 


Pixel 1 


1 1 I Ml 






B, I M 1 i 1 1 1 1 


Pixel 2 


1 1 1 M 1 1 


I I IcW I I 


I I IcW I I 


Pixel 2 


1 1 1 M 1 1 


I I IcU I I f H III I I 


Pixel 3 


1 1 1 M 1 1 


I I Icy i ! 


I i fr| I I 


Pixel 3 


v 3 


! cy M I § i i M i i I 


Pixel 4 


I II Ml I 


I i PM | I 


1 1 H-l 1 1 


Pixel 4 


I i I M II 


I MQd M I 1 i i i i I I I 



i 



I 



I 



iiimii 


1 1 lew 1 ! 


M PM 1 i 


1 Will 


1 icU | 


1 




1 



Pixel n 
Pixel n+1 [ 
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Note that the pixel input sequence begins on the first LDV pulse after PDC goes HIGH. 
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Gamma Correction 

Gamma is built into broadcast television systems 
as a correction factor for nonlinearity in the signal 
path. These nonlinearities occur in image 
acquisition (nonlinear conversion of light into 
current in a vidicon) and at the display (nonlinear 
conversion of voltage into beam current in a CRT 
and phosphor nonlinearity in converting current into 
light). To minimize the number of nonlinear 
amplifiers needed, these factors were combined 



into a single term, Gamma, which is applied to the 
signal at the camera (there are fewer cameras than 
receivers). 

Gamma is employed in television production to 
give a particular "feel" to a picture, hence it is not a 
fixed value, even within a given television system. 



For More Information call 1-800-722-7074. 
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A Gamma corrector transfer function takes the form 
of 

Output = k( Input ) 1 ^ 

where a typical Gamma is 2.2 for NTSC, 2.8 for 
PAL. 

Computer systems usually ignore Gamma in 
driving a display monitor. Each R, G, and B 
channel is treated as linear. When encoding a 
computer display output to video, the user must 
decide whether to apply a gamma correction factor 
and, if so, what value. It is a good assumption that, 
since the digital video input over the CVBS bus is 
in composite form, it has been Gamma corrected. 

Gamma correction is applied in the RGB domain. 
When operating in YC B C R , for example when 
encoding a CCIR-601 signal, Gamma should have 
already been applied. Gamma correction is readily 
added to the RGB transfer equations shown in 
Table 5. 



Figure 3. Typical Gamma Curve for NTSC. 
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Video Timing 

The TMC22x9x can be programmed to 
accommodate a wide range of system timing 
requirements. With a line locked pixel rate of 10 to 
15 Mpps, the digitally synthesized horizontal 
waveforms and subcarrier frequency and phase 
are determined from 24 registers that are loaded by 
a controller. 

Horizontal Programming 

Horizontal interval timing is fully programmable, 
and is established by loading the timing registers 
with the durations of each horizontal element, the 
duration expressed in PCK clock cycles. In this 
way, any pixel clock rate between 10 MHz and 15 
MHz can be accommodated, and any desired 
standard or non-standard horizontal video timing 
may be produced. Figure 4 illustrates the 
horizontal blanking interval with timing register 
identification. 

Horizontal timing parameters can be calculated as 
follows: 

t = N x ( PCK period ) 
= N x (2 x PXCK period) 

where N is the value loaded into the appropriate 
timing register, and PCK is the pixel clock period. 

Horizontal timing resolution is two PXCK periods. 
PXCK must be chosen such that it is an even 
integer multiple of the horizontal line frequency. 
This ensures that the horizontal line period, H, 
contains an integer number of pixels. The 
horizontal line comprises the sum of appropriate 
elements. 

H = FP + SY + BR + BU + CBP + VA 

When programming horizontal timing, subtract 5 
PCK periods from the calculated values of CBP 
and add 5 PCK periods to the calculated value for 
VA. 
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Figure 4. Horizontal Blanking Interval Timing 
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Table 8. Horizontal Timing Specifications 



Parameter 


NTSC-M 


PAL-I 


PAL-M 




(US) 


Cm*) 


(\is) 


FP 


1.5 


1.65 


1.9 


SY 


4.7 


4.7 


4.95 


BR 


0.6 


0.9 


0.9 


BU 


2.5 


2.25 


2.25 


CBP 


1.6 


2.55 


1.8 


VA 


52.6556 


51.95 


51.692 


H 


63.5556 


64.0 


63.492 



Vertical Programming 

Vertical interval timing is also fully programmable, 
and is established by loading the timing registers 
with the durations of each vertical timing element, 
the duration expressed in PCK clock cycles. In this 
way as with horizontal programming, any pixel rate 
between 10 and 15 Mpps can be accommodated, 
and any desired standard or non-standard vertical 
video timing may be produced. 

Like horizontal timing parameters, vertical timing 
parameters are calculated as follows: 

t = N x ( PCK period ) 
= N x ( 2 x PXCK period ) 

where N is the value loaded into the appropriate 
timing register, and PCK is the pixel clock period. 



The Vertical Interval comprises several different 
line types based upon H, the Horizontal line time. 



H = (2 x SL) + (2 x SH) 
= (2 x EL) + (2 x EH) 



[Vertical sync pulses] 
[Equalization pulses] 



The VB and VC lines are added to produce the 
half-lines needed in the vertical interval at the 
beginning and end of some fields. These must 
properly mate with components of the normal lines. 

VB = CBP + VA - XBP = H/2 - CBP 
VC = VA - ( EL + EH ) = VA - H/2 

where Equalization HIGH and LOW pulses ( EL + 
EH ) = H/2 and the Extended Color Back Porch, 
XBP = VA + CBP - VB. XBP begins after the 
end of burst, BU, taking the place of CBP in vertical 
interval UBV lines. 



Figure 5. Vertical Sync and Equalization Pulse 
Detail 
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Table 9. Vertical Timing Specifications 



Parameter 


NTSC-M 


PAL-I 


PAL-M 




(M*) 


(US) 


(US) 


H 


63.5556 


64 


63.492 


EH 


29.4778 


29.65 


29.45 


EL 


2.3 


2.35 


2.3 


SH 


4.7 


4.7 


4.65 


SL 


27.1 


27.3 


27.1 
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Figure 6. NTSC Vertical Interval 
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Table 1 0. NTSC Field / Line Sequence and Identification 





Field 1 






Field 2 






Field 3 






Field 4 




FIELD ID = xOO 


FIELD ID = x01 


FIELD ID = x10 


FIELD ID = x11 


Line 


ID 


LTYPE 


Line 


ID 


LTYPE 


Line 


ID 


LTYPE 


Line 


ID 


LTYPE 


1 


EE 


00 


264 


EE 


00 


1 


EE 


00 


264 


EE 


00 


2 


EE 


00 


265 


EE 


00 


2 


EE 


00 


265 


EE 


00 


3 


EE 


00 


266 


ES 


01 


3 


EE 


00 


266 


ES 


01 


4 


SS 


03 


267 


SS 


03 


4 


SS 


03 


267 


SS 


03 


5 


SS 


03 


268 


SS 


03 


5 


SS 


03 


268 


SS 


03 


6 


SS 


03 


269 


SE 


02 


6 


SS 


03 


269 


SE 


02 


7 


EE 


00 


270 


EE 


00 


7 


EE 


00 


270 


EE 


00 


8 


EE 


00 


271 


EE 


00 


8 


EE 


00 


271 


EE 


00 


9 


EE 


00 


272 


EB 


10 


9 


EE 


00 


272 


EB 


10 


10 


UBB 


OD 


273 


UBB 


OD 


10 


UBB 


OD 


273 


UBB 


OD 


20 


UBB 


OD 


282 


UBB 


OD 


20 


UBB 


OD 


282 


UBB 


OD 


21 


UVV 


OF 


283 


UBV 


OE 


21 


UVV 


OF 


283 


UBV 


OE 


22 


UVV 


OF 


284 


UVV 


OF 


22 


UVV 


OF 


284 


UVV 


OF 


262 


UVV 


OF 


524 


UVV 


OF. 


262 


UVV 


OF 


524 


UVV 


OF 


263 


UVE 


OC 


525 


UVV 


OF 


263 


UVE 


OC 


525 


UVV 


OF 



EEEqualization pulse 

SEHalf-line vertical sync pulse, half-line equalization pulse 
SSVertical sync pulse 

ESHalf-line equalization pulse, half-line vertical sync pulse 
EBEqualization broad pulse 
UBB Black burst 
UVV Active video 

UVEHalf-line video, half-line equalization pulse 
UBVhalf-line black, half-line video 



Master and Genlock mode details of VHSYNC\, VVSYNC\, and composite VVSYNC\ (SOUT = HIGH) 
outputs are shown in Figures 6 and 7. When VHSYNC\ and VVSYNC\ are used as inputs (Slave mode), 
their falling edges mark the beginning of the sync interval and the width of the input pulse is specified under 
Operating Conditions. 



For More Information call 1-800-722-7074. 
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Figure 7. PAL Vertical Interval 
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Table 11. PAL Field / Line Sequence and Identification 



Field 1 and 5 


Field 2 and 6 


Field 3 and 7 


Field 4 and 8 


FIELD ID = 000, 100 


FIELD ID = 001, 101 


FIELD ID = 010, 110 


FIELD ID = 011, 111 


Line 


ID 


LTYPE 


Line 


ID 


LTYPE 


Line 


ID 


LTYPE 


Line 


ID 


LTYPE 


1 


SS 


03 


313 


ES 


01 


626 


SS 


03 


938 


ES 


01 


2 


SS 


03 


314 


SS 


03 


627 


SS 


03 


939 


SS 


03 


3 


SE 


02 


315 


ss 


03 


628 


SE 


02 


940 


ss 


03 


4 


EE 


00 


316 


EE 


00 


629 


EE 


00 


941 


EE 


00 


5 


EE 


00 


317 


EE 


00 


630 


EE 


00 


942 


EE 


00 


6 


-BB 


05 


318 


EB 


10 


631 


UBB 


0D 


943 


EB 


10 


7 


UBB 


0D 


319 


UBB 


0D 


632 


UBB 


0D 


944 


-BB 


05 


o 
o 


i IRR 

UDD 


nn 


OcLKJ 


1 IRR 




ooo 


1 IRR 

UDD 


nn 




1 IRR 

UDD 


nn 


22 


UBB 


0D 


335 


UBB 


0D 


647 


UBB 


0D 


960 


UBB 


OD 


23 


UBV 


0E 


336 


UVV 


OF 


648 


UBV 


0E 


961 


UVV 


OF. 


24 


UVV 


OF 


337 


UVV 


OF 


649 


UVV 


OF 


962 


UVV 


OF 


308 


UVV 


OF 


621 


UVV 


OF 


933 


UVV 


OF 


1246 


UVV 


OF 


309 


UVV 


OF 


622 


-VV 


07 


934 


UVV 


OF 


1247 


UVV 


OF 


310 


-VV 


07 


623 


-VE 


04 


935 


UVV 


OF 


1248 


-VE 


04 


311 


EE 


00 


624 


EE 


00 


936 


EE 


00 


1249 


EE 


00 


312 


EE 


00 


625 


EE 


00 


937 


EE 


00 


1250 


EE 


00 



EEEqualization pulse 

SEHalf-line vertical sync pulse, half-line equalization pulse 
SSVertical sync pulse 

ESHalf-line equalization pulse, half-line vertical sync pulse 
EBEqualization broad pulse 
UBB Black burst 

-BBBIack burst with color burst suppressed 
UVV Active video 

-VV Active video with color burst suppressed 

UVEHalf-line video, half-line equalization pulse 

-VEHalf-line video, half-line equalization pulse, color burst suppressed. 

UBVhalf-line black, half-line video 



For More Information call 1-800-722-7074. 
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Figure 8. PAL-M Vertical Interval 
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Table 1 2. PAL-M Field / Line Sequence and Identification 



Field 1 and 5 


Field 2 and 6 


Field 3 and 7 


Field 4 and 8 


FIELD ID = 000, 100 


FIELD ID = 001, 101 


FIELD ID = 010, 110 


FIELD ID = 011, 111 


Line 


ID 


LTYPE 


Line 


ID 


LTYPE 


Line 


ID 


LTYPE 


Line 


ID 


LTYPE 


1 


SS 


03 


263 


ES 


01 


1 


SS 


03 


263 


ES 


01 


2 


ss 


03 


264 


SS 


03 


2 


SS 


03 


264 


SS 


03 


3 


SS 


03 


265 


SS 


03 


3 


SS 


03 


265 


SS 


03 


4 


EE 


00 


266 


SE 


02 


4 


EE 


00 


266 


SE 


02 


5 


EE 


00 


267 


EE 


00 


5 


EE 


00 


267 


EE 


00 


6 


EE 


00 


268 


EE 


00 


6 


EE 


00 


268 


EE 


00 


7 


-BB 


05 


269 


EB 


10 


7 


-BB 


05 


269 


EB 


10 


8 


-BB 


05 


270 


-BB 


05 


8 


UBB 


05 


270 


-BB 


05 


9 


UBB 


0D 


271 


UBB 


1D 








271 


UBB 


1D 














17 


UBB 


OD. 








17 


UBB 


0D 


279 


UBB 


OD 


18 


UVV 


OF 


279 


UBB 


OD 


18 


UVV 


OF 


280 


UBV 


OE. 








280 


UBV 


OE. 








281 


UVV 


OF 


258 


UVV 


OF 


281 


UVV 


OF 


259 


UVV 


OF 








259 


-VV 


07 








260 


-VE 


04 


521 


UVV 


OF 


260 


-VE 


04 


521 


UVV 


OF 


261 


EE 


00 


522 


-VV 


07 


261 


EE 


00 


522 


UVV 


OF 


262 


EE 


00 


523 


EE 


00. 


262 


EE 


00 


523 


EE 


00 








524 


EE 


00 








524 


EE 


00 








525 


EE 


00 








525 


EE 


00 



EEEqualization pulse 

SEHalf-line vertical sync pulse, half-line equalization pulse 
SSVertical sync pulse 

ESHalf-line equalization pulse, half-line vertical sync pulse 
EBEqualization broad pulse 
UBB Black burst 

-BBBIack burst with color burst suppressed 
UVV Active video 

-VV Active video with color burst suppressed 

UVEHalf-line video, half-line equalization pulse 

-VEHalf-line video, half-line equalization pulse, color burst suppressed. 

UBVhalf-line black, half-line video 



For More Information call 1-800-722-7074. 
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Table 13. Standard Timing Parameters 



Standard 


Field Horizontal Pixel PXCK 
Rate Freq. Rate Freq. 
(Hz) (kHz) (Mpps) (MHz) 


Timing Register (hex) 
SY BR BU CBP XBP VA VC VB Note 1 FP EL EH 2 SL 2 SH CBL 
10 11 12 13 14 15 16 17 18 19 1A 1B 1C 1D 1E 


NTSC sqr. pixel 
NTSC CCIR-601 
NTSC 4x Fsc 


59.94 15.734266 12.27 24.54 
59.94 15.734266 13.50 27.00 
59.94 15.734266 14.32 28.64 


3A 07 1F OF 23 8B 05 77 65 12 1C 6A 4D 3A 52 
40 08 22 11 3F CB 1E 90 65 14 1F 8E 6E 3F 59 
43 09 24 12 54 F7 30 B5 65 15 21 A6 84 43 5F 


PAL sqr. pixel 
PAL CCIR-601 
PAL15Mpps 


50.00 15.625000 14.75 29.50 
50.00 15.625000 13.50 27.00 
50.00 15.625000 15.00 30.00 


45 OD 21 21 6D 03 2B B7 75 19 23 B5 93 45 61 
40 OC 1E 1D 4D C3 13 93 65 16 20 90 71 3F 58 

46 OD 22 21 73 11 31 BF 75 19 23 BD 9A 47 62 


PAL-M sqr.pixel 
PAL-M CCIR-60 
PAL-M 4x Fsc 


60.00 15.750000 12.50 25.01 
60.00 15,750000 13.50 27.00 
60.00 15,750000 14.30 28.60 


3E OB 1C 13 26 86 FE 8B 61 18 1D 70 53 3A 52 
44 OC 1E 13 26 Bf 12 99 65 1A 1F 8E 6E 3F 57 
47 OD 20 15 4C E8 22 AC 65 1B 21 A5 84 42 5D 



Note: 1 . XBP, VA, VC, and VB are 1 0-bit values. The 2 MSBs for these four variables are in Timing Register 
18. See Table 4. 

2. EH and SL are 9-bit values. A most significant "1" is forced by the TMC22x9x since EH and SL must 
range from 256 to 51 1 . Extending the range of EH and SL to 767 is possible in the TMC22091/191 . 
Only the eight LSBs are stored in Timing Registers 1B and 1C. 

3. Every calculated timing parameter has a minimum value of 5 except EH and SL which have minimum 
values of 256. 



VITS Signal Insertion 

In both NTSC and PAL, the TMC22x9x can be set 
up to allow VITS signals in the vertical interval in 
place of normal black burst lines (UBB). This is 
controlled by the Interface Control Register bit 7. If 
this bit is LOW, UBB lines are black burst and are 
independent of TMC22x9x input data. If the bit is 
HIGH, all vertical interval UBB lines become UVV. 
U VV lines are active video and depend upon data 
input to the TMC22x9x. VITS lines may be used 
for inserting special test signals or for passing 
captioning data through the encoder. 

Edge Control 

SMPTE 170M NTSC and Report 624 PAL video 
standards call for specific rise and fall times on 
critical portions of the video waveform. The 
TMC22x9x does this automatically, requiring no 
user intervention. The TMC22x9x digitally defines 
slopes compatible with SMPTE 170M NTSC or 
CCIR Report 624 PAL on all vital edges: 

1 . H and V Sync leading and trailing edges. 

2. Burst envelope. 

3. Active video leading and trailing edges. 



Subcarrier Programming 

The color subcarrier is produced by an internal 32- 
bit digital frequency synthesizer which is completely 
programmable in frequency and phase. Separate 
registers are provided for phase adjustment of the 
color burst and of the active video, permitting 
external delay compensation, color adjustment, etc. 

In Master or Slave mode, the subcarrier is internally 
synchronized to establish and maintain a specified 
relationship between the leading edge of horizontal 
sync and color burst phase (SCH). In NTSC and 
PAL, SCH synchronization is performed every eight 
fields, on field 1 of the eight-field sequence. Proper 
subcarrier phase is maintained through the entire 
eight fields, including the 25 Hz offset in PAL 
systems. See the description of 8FSUBR under 
Test Control Register bit 1 for the subcarrier reset 
function. 

In Genlock mode, the phase and relative frequency 
of the incoming video is transmitted by the 
TMC22070 Genlocking Video Digitizer over the 
CVBS bus at the beginning of each line, which 
synchronizes the digital subcarrier synthesizer. 
When control register bit BUKEN is HIGH and 
digitized burst from the TMC22070 is passed 



2-60 



Raytheon Semiconductor 



For More Information call 1-800-722-7074. 



TMC22X9X 



through to the reconstruction D/A converter, the 
reference subcarrier for the chrominance modulator 
is stiii synthesized within the encoder. 

NTSC Subcarrier 

For NTSC encoding, the subcarrier synthesizer 
frequency has a simple relationship to the pixel 
clock period, repeating over 2 lines: The decimal 
value is: 

FREQ = ( 455 / 2 ) x 2 32 
( pixels / line ) 

This value must be converted to binary and split 
into four 8-bit registers, FREQM, FREQ2, FREQ3, 
and FREQL The number of pixels / line is: 

Pixels / line = ( 2 / PXCK frequency )( H period ) 

SYSPH establishes the appropriate phase 
relationship between the internal synthesizer and 
the chroma modulator. The nominal value for 
SYSPH is zero. 

Other values for SYSPH must be converted to 
binary and split into two 8-bit registers, SYSPH M 
and SYSPHL. 

Burst Phase (BURPH) sets up the correct relative 
NTSC modulation angle. The value for BURPH is: 

BURPH = SYSPH + 8,192 = SYSPH + k/4 



This value must be converted to binary and split 
into two 8-bit registers, BURPHM and BURPHL 

PAL Subcarrier 

The PAL relationship is more complex, repeating 
only once in 8 fields (the well-known 25 Hz offset): 

FREQ = (1135/4) + (1 /625) x 2 32 
(pixels / line) 

This value must be converted to binary and split as 
described previously for NTSC. The number of 
pixels / line is found as in NTSC. 

For PAL, the decimal value for SYSPH is found 
from: 

SYSPH = FREQ /2 1 7 

This value must be converted to binary and split 
into two 8-bit registers, SYSPHM and SYSPHL 
Burst Phase in PAL is identical to SYSPH. 
Therefore, the same values for SYSPHM and 
SYSPHL must be used for BURPHM and BURPHL. 

PAL-M Subcarrier 

FREQ = ( 909 / 4 ) x 2 32 
( pixels / line ) 

SYSPH = FREQ / 2 17 = BURPH 



Table 14. Standard Subcarrier Parameters 





Field 


Horizontal 


Pixel 


PXCK Subcarrier 






Subcarrier Register (hex) 








Standard 


Rate 


Freq. 


Rate 


Freq. Freq. 


BURPHM 


BURPHL 


SYSPHM 


SYSPHL 


FREQM 


FREQ2 


FREQ3 


FREQL 




(Hz) 


(kHz) 


(MHz) 


(MHz) (MHz) 


27 


26 


25 


24 


23 


22 


21 


20 


NTSC sqr. pixel 


59.94 


15.734266 


12.27 


24.54 3.57954500 


20 


00 


00 


00 


4A 


AA 


AA 


C7 


NTSC CCIR-601 


59.94 


15.734266 


13.50 


27.00 3.57954500 


20 


00 


00 


00 


43 


E0 


F8 


3E 


NTSC4xFsc 


59.94 


15.734266 


14.32 


28.64 3.57954500 


20 


00 


00 


00 


40 


00 


00 


00 


PAL sqr. pixel 


50.00 


15.625000 


14.75 


29.50 4.43361875 


00 


00 


00 


00 


4C 


F3 


18 


19 


PAL CCIR-601 


50.00 


15.625000 


13.50 


27.00 4.43361875 


00 


00 


00 


00 


54 


13 


15 


96 


PAL 15 Mpps 


50.00 


15.625000 


15.00 


30.00 4.43361875 


00 


00 


00 


00 


4B 


AA 


C6 


A1 


PAL-M sqr.pixel 


60 


15.750 


12.50 


25.01 3.57561149 


00 


00 


00 


00 


49 


45 


00 


51 


PAL-M CCIR-60" 


60 


15,750 


13.50 


27.00 3.57561149 


00 


00 


00 


00 


43 


DF 


3F 


D7 


PAL-M 4x Fsc 


60 


15,750 


14.30 


28.60 3.57561149 


00 


00 


00 


00 


40 


10 


66 


F5 
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SCH Phase Error Correction 

SCH refers to the timing relationship between the 
50% point of the leading edge of horizontal sync 
and the positive or negative zero-crossing of the 
color burst subcarrier reference. SCH error is 
usually expressed in degrees of subcarrier phase. 
In PAL, SCH is defined for line 1 of field 1 , but 
since there is no color burst on line 1 , SCH is 
usually measured at line 7 of field 1 . The need to 
specify SCH relative to a particular line in PAL is 
due to the 25 Hz offset of PAL subcarrier 
frequency. Since NTSC has no such 25 Hz offset, 
SCH applies to all lines. 

The SCH relationship is only important in the 
TMC22x9x when two video sources are being 
combined or if the composite video output is 
externally combined with another video source. In 
these cases, improper SCH phasing will result in a 
noticeable horizontal jump of one image with 
respect to another and/or a change in hue 
proportional to the SCH error between the two 
sources. 

SCH phasing can be adjusted by modifying 
BURPH and SYSPH values by equal amounts. 
SCH is advanced/delayed by one degree by 
increasing/decreasing the value of BURPH and 
SYSPH by approximately B6 h . An SCH error of 
15° is corrected with SYSPH and BURPH offsets of 
AAA h . 

Video Test Signals 

The TMC22x9x has two standard video test 
waveforms available for evaluating video signal 
integrity. These are selected and controlled by the 
Format Control Register. 

Setting the Format Control Register bits 0, 4, and 5 
LOW generates standard color bars at the 
COMPOSITE output (Figure 9), the luminance 



component stair-step signal at the LUMA output, 
and the chrominance component on the CHROMA 
output. The six colors are 100% saturated PAL 
and 75% saturated for NTSC. The exact location 
of each color vector (subcarrier amplitude, 
subcarrier phase) can be measured using industry- 
standard instrumentation (vectorscope). 

The percentage color saturation is selectable via 
Control Register 0E, bit 0 in the TMC22091/1 91 . 

The color bar test pattern produced comprises 
eight equal-width bars during VA, the active video 
period. The Timing Register value for CBL is found 
from: 

CBL = {( VA + 7)/8} 

If CBL is larger than this, the color bars are 
truncated at the end of VA. If CBL is smaller than 
VA / 8, the color bar sequence will repeat, starting 
with another white bar. From left to right color bars 
1 to 8 should be white, yellow, cyan, green, 
magenta, red, blue, and black. See Figures 35, 36, 
41,42, 47, 48. 

The modulated ramp waveform is enabled by 
setting the Format Control Register to 30 h . It 
comprises constant-amplitude and constant-phase 
subcarrier modulation superimposed on a linear 
ramp which slews from black to white during the 
active video portion of each horizontal line interval 
(Figure 10). This waveform is useful in making 
differential gain and differential phase 
measurements on the video signal. Differential 
gain is a measure of the variation in saturation of a 
color as the luminance component is varied from 
black to white. Differential phase is a measure of 
the variation in hue of a color as the luminance 
component is varied from black to white. 
Differential gain and differential phase are 
measured with a vectorscope. See Figures 39, 40, 
45,46. 
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Figure 9. 100% Color Bars With 100% and 75% Chrominance Saturation 
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Figure 1 0. Modulated Ramp Waveform 



Microprocessor Interface 
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The microprocessor interface employs a 13-line 
interface, with an 8-bit data bus and two address 
bits: four addresses are required for device 
programming and CLUT/register management. 
Address bit 0 selects between control registers and 
GLUT memory. Address bit 1 selects between 
reading/writing the register addresses and 
reading/writing register or GLUT data. 

When writing, the address is presented along with 
a LOW on the R/W\ pin during the falling edge of 
CSV. Eight bits of data are presented on D 7 . 0 
during the subsequent rising edge of CSV One 
additional falling edge of CS\ is needed to move 
input data to its assigned working registers. 



Figure 1 1 . Microprocessor Port - Write Timing 
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Figure 12. Microprocessor Port - Read Timing 
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In read mode, the address is accompanied by a 
HIGH on the R/W\ pin during a falling edge of CSV 
The data output pins go to a low-impedance state 
t DOZ ns after CSV falls. Valid data is present on 
D 7 _ 0 tpoM after the falling edge of CSV Because 
this port operates asynchronously with the pixel 
timing, there is an uncertainty in this data valid 
output delay of one PXCK period. This uncertainty 
does not apply to t DOZ . 

The RESET\ pin restores the TMC22x9x to field 1 
line 1 and places the encoder in a power-down 
state (if HRESET is LOW). Bit 4 of the Global 
Control Register (SRESETA) is set LOW. All other 
control words and CLUT contents are left 
unchanged. Returning RESET\ HIGH 
synchronizes the internal clock with PXCK and 
restores power to the device outputs. 

Reading Pixel Data from the D 7 _q Port 

The microprocessor port of the TMC22x9x may be 
used to extract digital video pixels. The eight 
MSBs of the up-sampled and interpolated pixel 
data that go to the COMPOSITE D/A converter can 
also be sent to the D 7 . 0 port and read for 
subsequent processing. When the Test Control 
Register is loaded with 28 h and the Control 
Register pointer is loaded with 40 h , the D 7 . 0 port 
will begin outputting 8-bit composite pixels 
synchronous with respect to PXCK. To halt the 
pixel flow from D 7 . 0 , simply bring CS\ HIGH. 



The TMC22091/191 has an additional feature that 
allows luminance pixel data to be read from the 
D 7 . 0 . In this case the eight MSBs of luminance 
found just prior to the Sync and Blank Insert block 
are routed to the microprocessor port. When the 
Control Register pointer is loaded with 60 h , the 
D 7-o P ort w '" be 9' n outputting 8-bit luminance 
pixels synchronous with respect to PXCK. To halt 
the pixel flow from D 7 . 0 , simply bring CSX HIGH. 

Operational Timing 

The TMC22x9x operates in three distinct modes: 

1 . Master mode. The encoder independently 
produces all internal timing and provides digital 
sync to the host controller. 

2. Slave mode. The encoder accepts horizontal 
and vertical sync from the controller and 
synthesizes the video output accordingly. 

3. Genlock mode. The encoder accepts 
horizontal and vertical sync from the 
companion TMC22070 Genlocking Video 
Digitizer, synchronizes itself to the incoming 
video, and provides appropriate H Sync and V 
Sync to the host. It synchronizes Pixel Data 
input in two ways: 

a. Internal PDC. The encoder internally 
generates the Pixel Data Control (PDC) 
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Figure 1 3. Reset Timing - PCK Synchronization 
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signal which calls for data input from the 
external pixel source. 

b. External PDC. The encoder receives a 
PDC signal from the host and accepts Pixel 
Data based on that input. 

Reset Timing 

The TMC22x9x operates from a master clock 
(PXCK) at twice the pixel rate. Some internal 
circuitry employs a clock at the pixel rate, PXCK / 
2. In Master mode, the PCK to PXCK timing 
relationship is set on the rising edge of RESETV In 
Figure 13, PCK is denoted by odd PXCK counts. 

When RESET\ is taken LOW with sufficient setup 
time (t SR ) before a rising edge of PXCK, the 
internal state machines are reset and the device is 
put into a mode as dictated by the Global Control 
Register bits 0 and 4. In Master mode, when the 
RESET\ pin is taken HIGH, the internal clock timing 
is established. In Slave and Genlock mode, this 
timing is established by VHSYNC\ and GHSYNC\ 
respectively. The first PXCK following this RESET\ 
rising edge is designated as PXCK 1 . Where it is 
significant, reference PXCK timing will 



be shown with numbered rising edges. A 
designation of 2N clocks refers to an even number 
of PXCK rising edges 

from device reset. If RESET\ is not shown and 
clock numbering does not refer to 2N, timing is 
relative to signals shown in the diagram only. 

Pixel Data Input Timing 

PXCK is internally divided by 2 to generate an 
internal pixel clock, PCK which is not accessible 
from the pins of the TMC22x9x. To ensure the 
correct relationship between PCK and pixel data, 
PCK is locked to VHSYNC\ or GHSYNC\ (Slave or 
Genlock mode, respectively). In Master mode, 
VHSYNC\ is produced on the rising edge of PCK 
allowing external circuitry to synchronize the 
generation of pixel data and LDV which also 
operates at 1/2 the rate of PXCK. 

The rising edge of LDV clocks the 24-bit pixel data 
into three 8-bit registers while PCK clocks that data 
through the pixel data path within the TMC22x9x. 
It is therefore necessary to meet the set-up and 
hold timing between pixel data and LDV as well as 
LDV and PCK. 



Figure 14. Slave Mode PD Port Interface Timing (Genlock Mode) 
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Figure 1 5. Master Mode Timing 
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Master Mode 

In Master mode, Initial timing is determined from 
the RESET\ input, and subsequent cycles result 
from programmed values in the Timing Control 
Registers. The Horizontal Sync output, VHSYNC\, 
goes LOW 18 PXCK clock cycles after the device 
is reset. The 50% point of the falling edge of sync 
LOW on line 4 of field 1 (NTSC) or line 1 of field 1 
(PAL) occurs at the COMPOSITE and LUMA 
outputs 56 clocks after reset, or 38 clocks after 
VHSYNCV 



Slave Mode 

In Slave mode, the 50% point of the falling edge of 
sync occurs 46 PXCK clocks after the falling edge 
of VHSYNC\, which is an input signal to the 
TMC22x9x. This must be provided by the host to 
begin every line. If it is early, the line will be started 
early, maintaining the 52 clock delay to output. If it 
comes late, the front porch portion of the output 
waveform will be extended as necessary. 
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Genlocked Mode 

In Genlocked mode, the encoder receives sync 
signals over the GHSYNC\ and GVSYNCV inputs, 
and provides VHSYNC\ and VVSYNC\ to the host. 
The 50% sync amplitude point occurs 50 PXCK 
clocks after GHSYNC\ goes LOW, while VHSYNC\ 
is produced at clock 13. If GHSYNC\ is late, the 
front porch is lengthened, if is is early, front porch is 
shortened. 



the active picture area. It may be an input or an 
output, as determined by the Interface Control 
Register bit 1. 

The position (number of PCK cycles) of the rising 
edge of PDC relative to the falling edge of 
VHSYNC\ can be found by summing SY, BU, BR, 
and CBP. 

External Pixel Data Control 



Pixel Data Control 

The Pixel Data Control (PDC) signal determines 



When used as an input, PDC goes HIGH four 
PXCK cycles before the first valid pixel of a line is 
presented to the PD input port. If this signal is late 



Figure 18. External Pixel Data Control 
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(with respect to the horizontal blanking interval 
programmed in the timing control registers), the 
Color Back Porch (CBP) will be extended. If it is 
early, incoming pixel data will be ignored until the 
end of the CBP. 

Internal Pixel Data Control 

When programmed as an output, PDC goes HIGH 
four PXCK periods prior to the end of CBP (as 
programmed in the horizontal timing registers) 
which is also four PXCK cycles prior to required 



input of the first pixel of a line. 

Pixels produced by the encoder appear at the 
analog outputs (COMPOSITE, LUMA, CHROMA) 
40 clocks after they are registered into the PD port. 
Note that the pixels enter at one-half the PXCK 
rate. The encoded signal passes through 
interpolation filters which generate intermediate 
output values, improving the output frequency 
response and greatly simplifying the external 
reconstruction filter. The interpolated pixels are 
designated PI in the diagram. 



Figure 19. Internal Pixel Data Control 
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Layering with the TMC22190/191 

The layering" capabilities of the TMC22190/191 
are powerful and flexible. Layering is a video 
production concept where various images or 
patterns are superimposed (keyed) over each other 
to form a final image that is the layered composite 
of the input images. Four layers with the following 
priority are defined for the TMC22 190/1 91 : 

1 . The DOWNSTREAM KEY layer keys over all 
other layers. 

2. The FOREGROUND layer keys over 
MIDGROUND and BACKGROUND, but not 
over DOWNSTREAM KEY. 

3. The MIDGROUND layer keys over 
BACKGROUND, but not over FOREGROUND 
or DOWNSTREAM KEY. 

4. The BACKGROUND layer never keys over any 
other layer. 

It is important not to confuse layers with sources. 
The TMC22190/191 can be programmed to assign 
any of its input sources (RGB, YC R C B , CVBS bus, 
Overlay bits) to any of the four layers. 

The ability to combine various video sources into a 



Figure 20. 2-Layer Image Construction 
BACKGROUND 



4-layer composite image is a very powerful tool in 
the production of computer/live video. The 
TMC22190/191 performs layering operations 
entirely in the digital domain, enabling precise 
digital control. 

A 4-Layer Example 

For this layering example, a BACKGROUND image 
(Figure 20) is generated. This image comprises 
shaded matte levels varying from black at the top 
of the screen to white at the bottom. This could 
just as well be a color image which will be seen 
wherever no other image appears through the 
layering process. 

The MIDGROUND image comprises a happy face 
superimposed over a white rectangle. Only the 
happy face and the white rectangle are of interest 
for this image and therefore, the portion of the 
image outside that area will be replaced by the 
BACKGROUND image when MIDGROUND is 
keyed over BACKGROUND. A key signal is 
generated on a pixel-by-pixel basis. It indicates 
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which image is active. The key signal for keying 
MIDGROUND over BACKGROUND is shown to 
the right of the MIDGROUND image. This 
represents a single bit signal mapped over the 
image. When the signal is black (logic LOW), the 
MIDGROUND image is active, when it is white 
(logic HIGH), the BACKGROUND is active. 

The results of layering MIDGROUND over 
BACKGROUND images are shown in the 2-layer 
composite image Figure 20. 

A FOREGROUND image comprises a shaded 
matte rectangle with "HI KIDS !" alpha characters 
in its center. This is to be superimposed over the 
previous 2-layer composite image. The key signal 
needed for superimposing FOREGROUND over 
other images is shown to the right of the 
FOREGROUND image. This represents a single 
bit signal mapped over the image. When the signal 
is black (logic LOW), the FOREGROUND image is 
active, when it is white (logic HIGH), the composite 
image is active. 

A new 3-layer composite image, FOREGROUND 
over MIDGROUND over BACKGROUND, is shown 



in Figure 21. 

A DOWNSTREAM KEY image comprises the white 
alpha characters "HAPPY FACE", and black alpha 
characters "Time". This is to be superimposed 
over the previous 3-layer composite image. The 
key signal needed for superimposing 
DOWNSTREAM KEY image over the other 
composite images is shown to the right. This 
represents a single bit signal mapped over the 
image. When the signal is black (logic LOW), the 
DOWNSTREAM KEY image is active, when it is 
white (logic HIGH), the previous composite image 
is active. 

The final 4-layer composite image, 
DOWNSTREAM KEY over FOREGROUND over 
MIDGROUND over BACKGROUND, is shown in 
Figure 22. 

In this illustration, all four source images are static 
(not moving). The images input to the 
TMC22190/191 can just as well be "live" (from 
video camera or VCR sources) as long as: 

1 . Data from those sources is in an input format 
that the TMC22x9x can accept, and 



Figure 21 . Adding a 3rd Layer 
2-LAYER COMPOSITE 



3-LAYER COMPOSITE 




27037A 



2-70 



Raytheon Semiconductor 



For More Information call 1-800-722-7074. 



TMC22X9X 





2. The sources either synchronize the TMc22x9x 
(Genlock mode) or are synchronized by the 
TMC22x9x (Master or Slave mode). 

Key signals may be generated external to the 
TMC22x9x (Hardware Keying) and use the KEY 
input pin for control. Key signals may also be 
generated within the TMC22x9x (Data Keying) by 
the comparison of input color data with color data 
stored in the TMC22x9x. 

2-Layer Keying with the TMC22090/091 

The TMC22090/091 facilitates the keying of PD 
port input data over the CVBS bjus input data. 
Keying is controlled on a pixel-by-pixel basis by 
either the KEY input pin of the internal Data Key 
function. The first two layers in the previous 4- 
Layer Example apply to the TMC22090/091 . The 
result 



of keying is an effect where a MIDGROUND source 
image (i.e. Happy Face from PD data) is 
superimposed over a BACKGROUND source 
image (i.e. variable matte color from CVBS data). 

Assigning Video Sources to Layers with the 
TMC22190/191 

Digital video inputs to the TMC22190/191 (PD, 
CVBS, Overlay) are assigned to the four layers by 
choosing one of 16 modes of the Layering Control 
Register. OVERLAY is always keyed (switched on 
a pixel-by-pixel basis from active to transparent) by 
the OL 4 _ 0 inputs. OVERLAY can not be 
programmed to the BACKGROUND layer. The 
CVBS digital video bus can be assigned to any of 
the four layers and is keyed by the KEY input 
signal or internal Data Key comparators. In modes 
0 thru 7, the CLUTs are not bypassed and the 
BYPASS\ input is ignored. 
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Table 15. Layer Assignments, Image Sources, and Keying Controls (22190/191) 



LCR04 


BACKGROUND 


MIDGROUND 


FOREGROUND 


DOWNSTREAM KEY 


LAYMODE 


Image Source 


Irnsgo Source 


Keying Control 


Image Source! 


Keying Control: 


Image Source: 


Kavina Control 

IMPJIIfy wwl HE Wl 


0 


PD(YC B C Rf RGB, CI) 


CVBS 


KEY or Data Key 


- 


- 


- 


- 


1 


PD(YCbC r , RGB, CI) 


CVBS 


KEY or Data Key 


OVERLAY 


OL44 


- 


- 


2 


PD(YCbC r , RGB, CI) 


CVBS 


KEY 


PD(YCbC r ,RGB,CI) 


DataKey\ 


OVERLAY 


OL4-0 


3 


PD(YCgC R , RGB, CI) 


CVBS 


KEY 


PDfYCr.Cn RGB OH 


VJXXvX l\Oj 


OVERLAY 


01 . - 
^4-0 


4 


CVBS 


OVERLAY 


OL4-0 


PD(YCbC r , RGB, CI) 


KEY or Data Key 


- 


- 


5 


CVBS 


PD(YCbC r ,RGB,CI) 


KEY or Data Key 


OVERLAY 




- 


- 


6 


PD(YCbC r , RGB, CI) 


CVBS 


KEY 


OVERLAY 


OL4-0 


PD(YCbC r ,RGB,CI) 


DataKey\ 


7 


PD(YCbC r , RGB, CI) 


CVBS 


KEY 


OVERLAY 




PD(YCoCd, RGB, CI) 


Data Key 


8 


PD(YCbC r ,CI) 


CVBS 


KEY or Data Key 










9 


PD(RGB) 


PD(YC B C R ,CI) 


BYPASS\ 


CVBS 


KEY or Data Key 


OVERLAY 




A 


PD(RGB) 


CVBS 


KEY or Data Key 


PD(YC B C R ,CI) 


BYPASS\ 


OVERLAY 


OL4-0 


B 


PD(RGB) 


CVBS 


KEY or Data Key 


OVERLAY 




PD(YC B C R ,CI) 


BYPASS\ 


C 


PD(RGB) 


PD(YC B C R ,CI) 


BYPASS\ 


OVERLAY 


OL^ 


CVBS 


KEY or Data Key 


D 


CVBS 


PD(RGB) 


KEY 


PD(YC B C R ,CI) 


BYPASS\ 


OVERLAY 




E 


CVBS 


OVERLAY 


OL4-0 


PD(RGB) 


KEY 


PD(YC B C R ,CI) 


BYPASS\ 


F 


PD(RGB) 


OVERLAY 




CVBS 


KEY or Data Key 


PD(YC B C R ,CI) 


BYPASS\ 



Notes: 1 . For LAYMODE = 0 to 7, Pixel Data always passes through the CLUTs. FORMAT, INMODE, and the BYPASS\ pin selects 
the input format for PD^q according to Table 7. 

2. For LAYMODE = 8 to F and BYPASSN = HIGH, Data Key is disabled. 

3. Asserting the signal listed under "Keying Control:" enables the corresponding "Signal Source:". Signals with V are asserted 
by a logic LOW. 



Hardware Keying 

The KEY input switches the COMPOSITE D/A 
converter input from the luminance and 
chrominance combiner output to the CVBS data 
bus on a pixel-by-pixel basis. This is a "soft" 
switch, executed over four PXCK periods to 
minimize out-of-band transients. Keying is 
accomplished in the digital composite video 
domain. The video signal from the CVBS bus is 
only present on the COMPOSITE output. The 
CHROMA and LUMA outputs continue to present 
encoded PD port data when CVBS is active. 

Hardware keying is enabled by the Key Control 
Register bit 6. Normally, keying is only effective 
during the Active Video portion of the waveform (as 
determined by the VA registers 15 and 18. That is, 
the Horizontal Blanking interval is generated by the 
encoder state machine even if the KEY signal is 
held HIGH through Horizontal Blanking. However, 
it is possible to allow digital Horizontal Blanking to 



be passed through from the CVBS bus to the 
COMPOSITE output by setting Key Control 
Register bit 5 HIGH. In this mode, KEY is always 
active, and may be exercised at will. 

The KEY input is registered into the encoder just 
like Pixel Data is clocked into the PD port. It may 
be considered a 25th Pixel Data bit. It is internally 
pipelined, so the midpoint of the key transition 
occurs at the output of the pixel that was input at 
the same time as the KEY signal. 

Data Keying 

Data Keying internally generates a Key signal that 
acts exactly as the external KEY signal. There are 
three Key Value Registers 05, 06, and 07 that are 
matched against the input data to the three CLUTs. 
These tables are designated D, E, and F, because 
they contain different information depending on the 
input mode selected: 
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The key registers may be individually enabled 
using bits 3,2,1 of the Key Control Register. Bit 4 
of the same register enables/disables data Keying 
in its entirety. Data Keying and Hardware Keying 
are logically ORed: when both are enabled, either 
one will result in a key switch to the CVBS channel. 

The key comparison is based on the input data to 
the CLUTs. When operating in color-index mode, 
all three CLUTs receive the same input value, so 
any one of the three registers is sufficient to identify 
a key value. The outputs of all enabled key 
registers are ANDed to produce the KEY signal. If 
more than one key register are enabled and their 
key values are not identical, no key will be 
generated. 

Table 16. Table D, E, F Contents 



Mode 


Table D 


Table E 


Table F 


RGB 


Red 


Green 


Blue 


GBR 


Green 


Blue 


Red 


YC B C R 


Y 


c B 


Or 


CI 


CI 


CI 


CI 



Genlock Interface 

The TMC22x9x can bring digital composite video 
into its CVBS port, accompanied by separate 
horizontal and vertical sync signals. It has been 
designed to couple tightly with the companion 
TMC22070 Genlocking Video Digitizer, but other 
sources may use this port as well. 

Digital composite video is in standard 8-bit binary 
format at a PXCK / 2 rate. Synchronization with 
the internal PXCK / 2 is established by the phasing 
of the GHSYNC\ input. 

Subcarrier frequency and phase data are received 
by the encoder over the CVBS bus as 4-bit nibbles 
on CVBS 3 _ 0 during the horizontal sync period. 
Field identification is also required for the 
TMC22x9x internal sync generator. The 14th 
nibble of the sequence contains no relevant data. 
The TMC22070 provides these data - the Genlock 
Reference Signal (GRS). 
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Figure 25. Genlock Interface Timing 
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Figure 26. Frequency/Phase Data Transfer 
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Filtering 



The TMC22x9x incorporates internal digital filters 
to establish appropriate bandwidths and simplify 
external analog filter designs. 

Color-Difference Low-Pass Filters 

The chrominance portion of a composite video 
signal must be sufficiently bandlimited to avoid 
cross-color and cross-luminance distortion, and to 
preclude exceeding the allowable bandwidth of a 
video channel. 

The color-difference low-pass filters on the 
TMC22x9x establish chrominance bandwidths 
which meet the specifications outlined in CCIR 
Report 624-3, Table II, Item 2.6, for system I over a 
range of pixel rates from 12.27 Mpps to 14.75 
Mpps. Equal bandwidth is established for both 
color-difference channels. 



Figure 27. Color-Difference Low-Pass Filter 
Response 




Interpolation Filters 

The Chroma Modulator output and the luminance 
data path are digitally filtered with sharp-cutoff low- 
pass interpolation filters. These filters ensure that 
aliased subcarrier, chrominance, and luminance 
frequencies are sufficiently suppressed in the 
frequency band above base-band video and below 
the pixel frequency (f s /4 to 3f s /4, where f s is the 
PXCK frequency). 



Since these are fixed-coefficient digital filters, their 
filter characteristics depend upon clock rate. 
Figures 25 and 26 show the frequency response 
for two pixel rates, 12.27 MHz and 14.75 MHz. 

Figure 28. Chroma Modulator and Luminance 
Interpolation Filter Full Spectrum Response 
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Figure 29. Chroma Modulator and Luminance 
Interpolation Filter Passband Detail 
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Virtually all digital-to-analog reconstruction systems 
exhibit a high frequency roll-off as a result of the 
zero-order hold characteristic of classic D/A 
converters. This response is commonly referred to 
as a sin(x)/x response. It is a function of the 
sampling rate of the output D/A. 

The TMC22x9x's digital interpolation filters convert 
the data stream to a sample rate of twice the pixel 
rate. This results in much less high frequency 
sin(x)/x rolloff and the output spectrum between 
f s /4 and 3f s /4 contains very little energy. Since 
there is so little signal energy in this frequency 
band, the demands placed on the output 
reconstruction filter are greatly reduced. The 
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output filter needs to be flat to f s /4 and have good 
rejection at 3f s /4. The relaxed requirements 
greatly simplify the design of a filter with good 
phase response and low group delay distortion. A 
small amount of peaking may be used to 
compensate residual sin(x)/x rolloff. 



Figure 30. Sln(x)/x Response At 1x Pixel-Rate 
Conversion 
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JTAG Test Interface 

The JTAG test port accesses registers at every 
digital I/O pin except the JTAG test port pins. 
Table 17 shows the sequence of the test registers. 
The register number (Reg) indicates the order in 
which the register data is loaded and read (Reg 1 
is loaded and read first, therefore it is at the end of 
the serial path). The scan path is 59 registers long. 
The six TEST pins of the TMC22090/091 function 
as JTAG registers. 

The JTAG port is a 4-line interface, following IEEE 
Std. 1 1 49.1 -1 990 specifications. The Test Data 
Input (TDI) and Test Mode Select (TMS) inputs are 
referred to the rising edge of the Test ClocK (TCK) 
input. The Test Data Output (TDO) is referred to 
the falling edge of TCK. 



Figure 31. Sin(x)/x Response At 2X Pixel-Rate 
Conversion 
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Table 17. JTAG Interface Connections 



Reg 


Pin 


Signal 


Reg 


Pin 


Signal 


Reg 


Pin 


Signal 


1 


28 


BYPASS\ (TEST) 


21 


62 


PD 13 


41 


2 


CVBS! 


2 


29 


OL 4 (TEST) 


22 


63 


PD 12 


42 


3 


CVBS 0 


3 


44 


CVBS 7 


23 


66 


PD t1 


43 


4 


KEY 


4 


45 


CVBS 6 


24 


67 


lU 


44 


5 


RESET\ 


5 


46 


CVBS 5 


25 


68 


PDg 


45 


6 


CSV 


6 


47 


CVBS 4 


26 


69 


o 


46 


7 


R/W\ 


7 


48 


OL 3 (TEST) 


27 


70 


PD 7 


47 


8 


A 1 


8 


49 


OL 2 (TEST) 


28 


71 


PD 6 


48 


9 


A o 


9 


50 


OL^ (TEST) 


29 


72 


PD 5 

o 


49 


11 


PDC 


10 


51 


OL 0 (TEST) 


30 


73 


PD 4 


50 


12 


VHSYNCX 


11 


52 


PDoq 


31 


74 


PD 3 


51 


13 


VVSYNCX 


12 


53 


PD 22 


32 


75 


PD 2 


52 


14 


D 7 


13 


54 


PD 21 


33 


76 


PD, 


53 


15 


D 6 


i A 

14 


cc 
00 


PD 20 


OA 


77 


on 

PD 0 


04 


•i a 

ID 


D 5 


15 


56 


PD 19 


35 


78 


LDV 


55 


17 


D 4 


16 


57 


PD18 


36 


79 


PXCK 


56 


18 


D 3 


17 


58 


PD 17 


37 


82 


GVSYNC\ 


57 


19 


D 2 


18 


59 


PDie 


38 


83 


GHSYNC\ 


58 


20 


D 1 


19 


60 


PD15 


39 


84 


CVBS 3 


59 


21 


Do 


20 


61 


PDu 


40 


1 


CVBS 2 









Figure 32. JTAG Test Port Timing 
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Figure 33. Equivalent Analog Input Circuit 
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Figure 34. Equivalent Analog Output Circuit 



COMPOSITE 
-> LUMA 
CHROMA 

2701 3A 



Figure 35. Equivalent Digital Input Circuit 



Figure 36. Equivalent Digital Output Circuit 
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Figure 37. Transition Levels for Three-State Measurements 
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Absolute Maximum Ratings (beyond which the device may be damaged) 

Power Supply Voltage -0.5 to +7.0V 

Digital Inputs 

Applied Voltage 2 -0.5 to V DD +0.5V 

Forced Current 3,4 -20.0 to 20.0 mA 

Digital Outputs 

Applied Voltage 2 -0.5 to V DD +0.5V 

Forced Current 3 ' 4 -20.0 to 20.0mA 

Short Circuit Duration (Single output in HIGH state to GND) 1 second 

Analog Output Short Circuit Duration (Single output to GND) infinite 

Temperature 

Operating, case...... -60 to +130°C 

Operating, Junction, Plastic package.. +150°C 

Lead, soldering (10 seconds) +300°C 

Vapor phase soldering (1 minute) +220°C 

Storage -65 to +150°C 

Notes: 1 . Absolute maximum ratings are limiting values applied individually while all other parameters 
are within specified operating conditions. Functional operation under any of these 
conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to 
GND. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current, flowing into the device. 
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Operating Conditions 







Temperature Range 








Standard 




Parameter 


Min 


Norn 


Max 


Units 


Vnn 
DD 


Power Supply Voltage 


4.75 


5.0 


5.25 


V 


V| H 


Input Voltage, Logic HIGH 
TTL Compatible Inputs, all but PXCK 
TTL Compatible Input PXCK 
CMOS Compatible Inputs 


2.0 
2.5 
(2/3)V DD 




Vdd 
Vdd 
Vdd 


V 

V 
V 


V,L 


Input Voltage, Logic LOW 
TTL Compatible Inputs 
CMOS Compatible Inputs 


GND 
GND 




0.8 
(1/3)V DD 


V 
V 


'oh 


Output Current, Logic HIGH 
Output Current, Logic LOW 






-2.0 
4.0 


mA 
mA 


Vref 
'ref 

R REF 


External Reference Voltage 
D/A Converter Reference Current 
Oref = V ref /R ref , lowing 
out of the R REF pin) 
Reference Resistor, V REF = Norn. 


2.1 
281 


1.235 
3.15 

392 


4.4 
588 


V 

mA 

r\ 
11 


R OUT 


Total Output Load Resistance 




37.5 




Q, 




Ambient Temperature, Still Air 


0 




70 


°C 


Pixel Interface 










f PXL 
f PXCK 


Pixel Rate 

Master Clock Rate, 2x pixel rate 


12.27 
24.54 




15 
30 


Mpps 
MHz 


VWHPX 
tpWLPX 


PXCK Pulse Width, HIGH 
PXCK Pulse Width, LOW 


10 
10 






ns 
ns 


{ SP 
tlHP 


For PD,VVSYNC\,VHSYNC\,PDC,KEY 
Setup Time 

Hold Time, PD and KEY 

Hold Time, PDC, VHSYNC\, VVSYNC\ 


12 
0 
5 






ns 
ns 
ns 


t X L 

tpWHLDV 
tpWLLDV 


Delay Time, LDV 

LDV Pulse Width, HIGH 

LDV Pulse Width, LOW 


10 
15 
10 






ns 
ns 
ns 
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Operating Conditions 



Parameter 


Temperature Range 


Units 


Standard 


Min 


Norn 


Max 


Wlvh VHSYNC\ Pulse Width, LOW 
Whw VVSYNC\ Pulse Width, LOW 


6 

0.5 




15 
3 


PXCK 
periods 
H 


Genlock Interface 

t SG , Setup Time, GHSYNC\,GVSYNC\,CVBS 
t HG , Hold Time, GHSYNC\, GVSYNC\,CVBS 


10 
0 






ns 
ns 


Microprocessor Interface 

t PWLCS CS\ Pulse Width, LOW, w/ KEY Reg. 

tpwLCS CS ^ Pu,se Width ' L0W > w/0 KEY Re 9- 
t PWHCS CS\ Pulse Width, HIGH 


95 
55 
30 






ns 
ns 
ns 


t SA Address Setup Time 
t HA Address Hold Time 


10 
0 






ns 
ns 


t SD Data Setup Time (write) 
t HD Data Hold Time (write) 


15 
0 






ns 
ns 


t SR Reset Setup Time 
t HR Reset Hold Time 


24 
2 






ns 
ns 


JTAG Interface 

f TCK Test Clock (TCK) Rate 






20 


MHz 


Wltck tck Pu,se Width > L0W 
Whtck TCK Pulse Width, HIGH 


25 
10 






ns 
ns 


t STP Test Port Setup Time, TDI, TMS 
t HTP Test Port Hold Time, TDI, TMS 


10 
3 






ns 
ns 



Note: 1 . Timing reference points are at the 50% level. 
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Electrical Characteristics 









Temperature Range 










Standard 




Parameter 


Conditions 


Min 


Typ 


Max 


Units 


'ddq 


Power Supply Current 1 
Power Supply Current 1 
(D/A disabled) 


V DD =Max,f PXCK =30MHz 
V DD =Max,f PXCK =30MHz 




300 


350 
90 


mA 
mA 


Vro 
'br 


Voltage Reference Output 
Input Bias Current, V REF 


Vref = Nom 


0.988 


1.235 
100 


1.482 


V 
MA 


l|H 
i|L 


Input Current, Logic HIGH 
Input Current, Logic LOW 


V DD = Max, V IN = 4.0V 
V DD = Max, V IN = 0.4V 






10 
-10 


ma 
ha 


V 0 H 

Vol 


Output Voltage, Logic HIGH 
Output Voltage, Logic LOW 


l OH = Max 
I 0 l = Max 


2.4 




0.4 


V 
V 


•ozh 
•ozl 


Hi-Z Leakage current, HIGH 
Hi-Z Leakage current, LOW 


V DD = Max, V IN = V DD 
Vdd = Max, V, N = GND 






10 
-10 


HA 
liA 


c, 

Co 


Digital Input Capacitance 
Digital Output Capacitance 


T A = 25°C, f= 1MHz 
T A = 25°C, f = 1 MHz 




4 
10 


10 


PF 
PF 


Voc 

R OUT 
C OUT 


Video Output Compliance Voltage 
Video Output Resistance 

Video Output Capacitance l 0UT = 0 mA, f = 1 MHz 


-0.3 


15 
15 


2.0 
25 


V 
kft 
PF 



Note 1. Typical l DD with V DD =+5.0 Volts and T A =25°C, Maximum l DD with V DD =+5.25 Volts and T A =0°C. 
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Switching Characteristics 



Parameter Conditions 


Temperature Range 
Standard 


Units 


Min 


Typ 


Max 


PIPES Pipeline Delay 3 PD to Analog Out 


44 


44 


44 


PXCK 
periods 


t DOZ Output Delay, CS\ to low-Z 
t DOM Output Delay, CS\ to Data Valid 4 with KEY Register 
tpoM Output Delay, CS\ to Data Valid 4 without KEY Register 
tj-jQM Output Hold Time, CS\ to hi-Z 


8 
10 




23 

125 

100 


ns 
ns 
ns 
ns 


t DOTP Output Delay, TCK to TDO Valid 
t HOTP Output Hold Time, TCK to TDO Valid 




5 


30 


ns 

ns 


*DOS Output Delay PXCK to VHSYNC\, 

VVSYNC\, PDC 






25 


ns 


t R D/A Output Current Risetime 1 0% to 90% of full-scale 
t F D/A Output Current Falltime 90% to 1 0% of full-scale 




2 
2 




ns 
ns 


tpov An a'og Output Delay 




20 




ns 



Notes: 1 . Timing reference, points are at the 50% level. 

2. Analog C LOAD <10 pF, D 7 . 0 load <40 pF. 

3. Pipeline delay, with respect to PXCK, is a function of the phase relationship between the 
internally generated PCK (PXCK/2) and PXCK, as established by the hardware reset). 

4. tpoM (without KEY Register) = 1 PXCK + 54 ns = 100 ns worst-case at PXCK=24.54 MHz. 
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System Performance Characteristics 



Parameter Conditions 


Temperature Range 


Units 


Standard 


Min 


Typ 


Max 


RES D/A Converter Resolution 


10 


10 


10 


Bits 


E L | Integral Linearity Error 
E LD Differential Linearity Error 






0.25 
0.15 


% 
% 


E G Gain Error 






±5 


%FS 


dp Differential Phase PXCK = 24.54 MHz,40 IRE Ramp 3 
dg Differential Gain PXCK = 24.54 MHz,40 IRE Ramp 3 




0.5 
0.9 




degree 
% 


SKEW CHROMA to LUMA Output Skew 




0 


1 


ns 


PSRR Power Supply Rejection Ratio C COMP =0.1 \iF, f=1kHz 




0.5 




%/%AV DD 



Notes 1 . TTL input levels are 0.0 and 3.0 Volts, 1 0%-90% rise and fall times <3 ns. 

2. Analog C LOAD <1 0 pF, D 7 . 0 load <40 pF. 

3. NTSC 
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Figure 38. NTSC Vectors Figure 39. NTSC Color Bars Waveform 




Figure 40. NTSC Horizontal Blanking Interval Figure 41 . NTSC Vertical Blanking Interval 




Figure 42. NTSC Differential Gain Figure 43. NTSC Differential Phase 
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Figure 56. Recommended Interface Circuit 



BYPASSNandOL^ 
on TMC22190/191 only. 



+5V 

O 100 jiF 

HI — — 



m 

UjOCQ 

< ix.cn 



2 
o 



■0C 

BYPASSV 

VHSYNCX 
VVSYNC\ 
PDC 
KEY 

LDV 
PXCK 



CVBS 7:0 

GHSYNCX 

GVSYNCV 



+5V 
100 jiF O 



1 JT 



O.ljiF 



Aqno 



TMC22x9x 

DIGITAL VIDEO 
ENCODER 



C Q < U I 



» * 2 - 



A A 



MICROPROCESSOR 
INTERFACE 



i I 



JTAG TEST 
INTERFACE 



tamo- 



27 PF 
II 



CHROMA 
LUMA 
COMPOSITE 

COMP 
Vref 



>iE fe^/ ► ~[ 

»i& — > 



S-VIDEO OUTPUT 



0.1|iF 

II 



3.3KQ j 



"1 

_J 
0.1 |iF 



COMPOSITE VIDEO 
OUTPUT 



27007A 



Application Notes 

The TMC22x9x is a complex mixed-signal VLSI 
circuit. It handles TTL digital signals at clock rates 
of up to 30 MHz while producing analog outputs 
with a resolution of less than a millivolt. To 
maximize performance it is important to provide the 
product with a quiet operating environment. 

References 

The circuit shown provides a stable external 
1 .235V voltage reference to the TMC22x9x. To 
use the internal voltage reference source, simply 
leave the V REF pin unconnected except for the 0.1 
|xF capacitor to ground. The accuracy the internal 
voltage reference is approximately ±20%. This 
variation can be overcome by varying the R REF 
resistor to get desired video output levels. It is 
recommended that a simple voltage divider from 
the power supply NOT be used, as any variations 
in power supply voltage would appear directly on 



the video outputs. The reference bandwidth is 
limited by the 0.1 ^iF capacitor on the COMP pin, 
but low frequency signals (eg 60 Hz, 20 KHz power 
supply noise) will be passed through to the outputs. 

Filtering 

An inexpensive low-pass output filter is shown in 
Figure 57. This filter is located in the video signal 
path just after the COMPOSITE, LUMA, and 
CHROMA outputs of the TMC22x9x. The 
TMC22x9x has been designed to output adequate 
video levels to overcome the insertion loss of 
output filters. V REF and R REF may be varied to 
make up for filter loss. Since S-VIDEO comprises 
separate and simultaneous luminance and 
chrominance, it is important that the filters used on 
CHROMA and LUMA have identical group delay. 
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Figure 57. Recommended Output 
Reconstruction Filter 
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TMC22070 Genlocking Video Digitizer. The 
TMC22070 is the source for TMC22070 input 
signals CVBS^q, GHSYNC\, GVSYNC\, and PXCK 
as shown in Figure 59. These signals directly 
connect to the TMC221 90/1 91 . The 
microprocessor interface for TMC22x9x and 
TMC22070 are identical. All W/R\, RESET\, data 
and address bus signals from the host 
microprocessor are shared by the TMC22x9x and 
TMC22070. Only CS\ and INT\ signals are 
separately driven from the microprocessor bus. 



Figure 58. Response of Recommended Output 
Filter 
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Interface to the TMC22070 Genlocking Video 
Digitizer 

The TMC22x9x Digital Video Encoder has been 
designed to directly interface to the 



Grounding Strategy 

The TMC22x9x has distinctly separate analog and 
digital circuits. To minimize digital crosstalk into 
the analog signals, the power supplies and grounds 
are provided over separate pins (V DD and D GND 
are digital power supply pins; V DDA and A GND are 
analog supplies). In general, the best results are 
obtained by tying all grounds to a solid, low- 
impedance ground plane. Power supply pins 
should be individually decoupled at the pin. Power 
supply noise isolation may be provided between 
analog and digital supplies via a series inductor. 

Another approach calls for separating analog and 
digital ground. While some systems may benefit 
from this strategy, keep in mind that the analog and 
digital grounds must be kept within 0.5V of each 
other at all times. 



Figure 59. TMC22x9x-to-TMC22070 Interface Circuit 



CVBS™ 
GHSYNCN 
GVSYNC\ 

TMC22070 ™g5 
GENLOCKING VIDEO DIGITIZER 



CVBS™ 
GHSYNC\ 
GVSYNCX 
PXCK 
LDV 

DIGITAL VIDEO ENCODER 



TMC22x9x 



3 S 2 co 
tr o < o 



MICROPROCESSOR 
INTERFACE 



For More Information call 1-800-722-7074. 



Raytheon Semiconductor 



2-89 



TMC22X9X 



Printed Circuit Board Layout 

Designing with high-performance mixed-signal 
circuits demands printed circuits with ground 
planes. Wire-wrap is not an option. Overall 
system performance is strongly influenced by the 
board layout. Capacitive coupling from digital to 
analog circuits may result in poor picture quality. 
Consider the following suggestions when doing the 
layout: 

1 . Keep analog traces (COMP, V REF , Rref» 
CHROMA, LUMA, COMPOSITE) as short and 
far from all digital signals as possible. The 
TMC22x9x should be located near the board 
edge, close to the analog output connectors. 

2. The power plane for the TMC22x9x should be 
separate from that which supplies other digital 
circuitry. A single power plane should be used 
for all of the V DD pins. If the power supply for 
the TMC22x9x is the same for the system's 
digital circuitry, power to the TMC22x9x should 
be filtered with ferrite beads and 0.1 \iF 
capacitors to reduce noise. 

3. The ground plane should be solid, not cross- 
hatched. Connections to the ground plane 
should be very short. 

4. Decoupling capacitors should be applied 
liberally to V DD pins. For best results, use 
0.1 ^iF capacitors in parallel with 0.01 |xF 
capacitors. Lead lengths should be minimized. 
Ceramic chip capacitors are the best choice. 

5. If there is dedicated digital power plane, it 
should not overlap the TMC22x9x footprint, the 
voltage reference, or the analog outputs. 
Capacitive coupling of digital power supply 
noise from this layer to the TMC22x9x and its 
related analog circuitry can have an adverse 
effect on performance. 

6. The PXCK should be handled carefully. Jitter 
and noise on this clock or its ground reference 
will translate to noise on the video outputs. 
Terminate the clock line carefully to eliminate 
overshoot and ringing. 



Microprocessor I/O Operations 

Various CLUT Read/Write operations are shown in 
Table 18. Each step in the table requires a CSX 
pulse (falling edge followed by a rising edge) to 
execute. 

For Write operations, R/W\ and A^q must conform 
to setup and hold timing with respect to the falling 
edge of CSV D 7 . 0 must meet setup and hold timing 
with respect to the rising edge of CSV These 
timing relationships are illustrated in Figure 1 1 . 
When writing data into an internal register (i.e. 
CLUT Address Register) an extra CSX falling edge 
is required to transfer the input data to that register. 
This requirement is usually accomplished by 
executing the next step in the sequence. If there is 
no planned next step in the sequence, executing a 
Control Register Read step will meet the 
requirement and terminate the sequence. 

For Read operations, R/WX and A^_ 0 must conform 
to setup and hold timing with respect to the falling 
edge of CSX. Read data on D 7 . 0 is initiated by the 
falling edge of CSX and terminated by the rising 
edge of CSX as shown in Figure 12. When reading 
Control Registers, valid data appears t DOM after 
the falling edge of CSV When reading CLUT 
locations, an extra CLUT Read step is needed to 
set up the CLUT Read sequence. This is 
accomplished in the table by executing an extra 
CLUT Read step just before the CLUT Read 
sequence which returns successive d, e, and f 
data. CLUT Read sequences must be terminated 
an extra CSX falling edge. This requirement is 
usually accomplished by executing the next I/O 
step. If there is no planned next step in the 
sequence, executing a Control Register Read step 
will meet the requirement and terminate the 
sequence. 
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Table 18. CLUT Read/Write Sequences 



Qtor* 


R/W\ 


n 

u 7-0 


r UildlUIl 










WritP Fntlro PI 1 IT 
vvnit* ci mre vLU i 










Qtartlnri fit Aririroce flfl 


1 


0 


01 


00 


Write 00 into CLUT 

fill lw v/ vy 1 1 1 lv wLv 1 










AHHrocc Ronictor 
rMivjicoo ncy loici . 


p 


o 


11 


U 1 


H1 writtpn intn D PI UT 

VJ 1 VVIIllCII II Ills Uf vLU 1 










aHHrocc fin 
dvJvJicoo uu. 


Q 
O 


o 


11 


p1 

C 1 


o1 writtpn intn P PI I IT 

C 1 WllllCll IIIIU , vLU 1 










aHHrocc fifi 
aUUicoo UU. 


A 
*+ 


0 


11 


T I 


f 1 uuritton intn P PI I IT 
















•• 




repeat steps 3,4,5 until 










CLUT is full. 


767 


0 


11 


d256 


d256 written into D, CLUT 










oHHrocc PP 

duuicoo rr. 


768 


o 


11 


e256 


e256 written into E, CLUT 










address FF. 




o 


11 




f25fi writtpn into F CLUT 

IbJO WllllCll IIIIU i , vLU 1 










addre 0 , 0 . FF 


770 


1 


00 


YV 
AA 


Qoononro torminatinn 

OCLjUCl lv*C ICI 1 1 III IdllUI I. 










WrltP CLUT 1 nratinn 










aHHr 


1 


o 


01 


addr 


Write addr into the CLUT 










Address Register. 


p 


0 


11 


ri1 


ri1 writtpn intn H CI I IX 

\J 1 W 1 1 11 CI 1 II 1 IU U , vLU 1 










address addr. 


3 


0 


11 


e1 


e1 written into E, CLUT 










adrirpe.9. addr 


4 


0 


11 


f1 


f1 written into F, CLUT 










address addr. 


5 


1 


00 


XX 


Sequence termination. 










RaoH PI 1 IT 1 nratinn 










aHHi* 
dUUl 


i 


0 


01 


aHHr 
dUUl 


WritP aHHr intn thp PI 1 IT 

VVlllc dUUi llllU lllc ULU 1 










AHHrocc Ronictor 
nuuicoo ncy loici . 


2 




11 


XX 


Set up for CLUT Read 










sequence. 


3 




11 


d1 


d1 read from D, CLUT 










address addr. 


4 




11 


e1 


e1 read from E, CLUT 










address addr. 


5 




11 


f1 


f 1 read from F, CLUT 










address addr. 


6 




00 


XX 


Sequence termination. 



Qton 
oicp 


R/W\ A 14) 


u 7-0 


■ unction 










Doorl PI 1 IT AHHraoe 










Ronictor Thon \Afrlto 

rlcyiolCl IIICII VV I lie? 




1 


01 


aHHr 
dvJvJi 


RoaH PI 1 IT AHHrocc 
ncaU vLU I nuui coo 










Reateter 

i toy i o iv? i • 


2 


o 


11 


d1 


d1 written into D CLUT 










aHHrocc aHHr 
auuicoo auui. 


o 
o 


0 


11 


c 1 


p1 writtpn intn P PI I IT 

C I VYMllCll IIIIU C, OLU I 










aHHrocc aHHr 
dUUicoo dUUl. 


A 


o 


11 


fi 

T 1 


f1 uuritton intn P PI I IT 

1 1 wnucii iriiu r, ulu i 










oHHracc aHHr 
dvJUlcoo dUUl . 


c 


1 


01 


aHHr_i_1 
dUvJi-r I 


RoaH PI 1 IT AHHrocc 
rtcdU wl-vj i rvuuicoo 










Register, (terminates 










Write sequence) 




0 


11 


d2 


ri? writtpn into D PI UT 

\JC WllllCll II 1 WJ k/ y 1 










address addr+1 . 


7 


0 


11 


e2 


e2 written into E, CLUT 










aHHrocc aHHr-i-1 
auui coo auvii t i . 


8 


o 


11 


f2 


f2 written into F CLUT 

1 fc— WllllCll III IV 1 , VL.V 1 I 










aHHrocc aHHrj.1 
auuicoo dUvJi-r 1 . 


Q 

O 


1 


00 


XX 


oequence lerrniridiion. 










RpaH/MnHifv/WrltP CLUT 










1 nidation AHHr 


1 
1 


o 


01 


aHHr 


WritP addr into tho PI 1 IT 
ww 1 lie auui iiiiu 11 10 v/lu i 










Afidrpcc Rpni^tpr 

nuui coo i ic^ioici * 


2 


1 


11 


XX 


Spt un for CLUT Rpad 


3 


1 


11 


d1 


d1 read from D CLUT 










address addr. 


4 


1 


11 


e1 


e1 read from E, CLUT 










address addr. 


5 


1 


11 


H 


f 1 read from F CLUT 

i i i cau iiuiii i , vlu i 










ariHrPQQ addr 

QvJVJI COO CIVJUI • 










Q\/ctom KVInHifipc H1 o1 
oyolcin iviuuiiico U l , c l , 










f1 tn H1' p1' f1' 

II LUUI , C 1 ,11 . 


c 
o 


0 


01 


aHHr 
dUUl 


WritP aHHr intn tho PI 1 IT 
VV 1 lie dUUl IIIIU Ulc 1 










AHHrocc Ronictor 
r^uvjicoo ricy lolci . 










(terminates Read 










sequence) 


7 


0 


11 


dr 


d1' written into D, CLUT 










address addr. 


8 


0 


11 


eV 


eV written into E, CLUT 










address addr. 


9 


0 


11 


fV 


f1' written into F, CLUT 










address addr. 


10 


1 


00 


XX 


Sequence termination. 
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Table 19. Pin Assignments for 84-lead PLCC Package (RO) 



Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


1 


CVBS 2 


22 


TDO 


43 


¥ DDA 


64 


Vnn 
Y DD 


2 


CVBS 1 


23 


TCK 


44 


CVBS 7 


65 


^GND 


3 


CVBSa 


24 


TMS 


45 


CVBSa 


66 


1 1 


4 


KEY 


25 


TDI 


46 


CVBS 5 


67 


PDiA 

• ^10 


5 


RESET\ 


26 


^GND 


47 


CVBS 4 


68 


PDg 


6 


CS\ 


27 


V DD 


48 


OLJTEST} 


69 


PDo 


7 


R/W\ 


28 


BYPASS\fTES"n 


49 


OLofTEST} 


70 


pn_ 


8 


A< 


29 


OL^TEST^ 


50 


OUfTESTl 


71 


PD* 


Q 


M 0 




V REF 


51 


OL^TEST^ 


72 


PDr 


10 


^GND 


31 


^REF 


52 


PDoo 


73 


PD„ 


1 1 

1 1 


PDC 


32 


^GND 


53 


ru 22 


74 


PD« 


12 

1 Cm 


VHSYNC\ 


33 


COMPOSITE 


54 


ru 21 


75 


PD 2 


13 


VVSYNCV 


34 


^gnd 


55 


PD™ 


76 


PDh 


14 


D 7 


35 


LUMA 


56 


PD 19 


77 


PD 0 


15 


D 6 


36 


A GND 


57 


PD 18 


78 


LDV 


16 


D 5 


37 


CHROMA 


58 


PD 17 


79 


PXCK 


17 


D 4 


38 


A GND 


59 


PD 16 


80 


D GND 


18 


D 3 


39 


COMP 


60 


PD 15 


81 


V D D 


19 


D 2 


40 


V DDA 


61 


PD 14 


82 


GVSYNC\ 


20 


Di 


41 


V DDA 


62 


PD 13 


83 


GHSYNC\ 


21 


Do 


42 


V DDA 


63 


PD 12 


84 


CVBS 3 



Note: Pin names in parentheses apply to TMC22090/091 




] 33 



27024A 
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Ordering Information 



Product 
Number 


Temperature 
Range 


Screening 


Package 


Package 
Marking 


TMC22090R0C 
TMC22091R0C 
TMC22190R0C 
TMC22191R0C 


T A = 0°C to 70°C 
T A = 0°C to 70°C 
T A = 0°C to 70°C 
T A = 0°C to 70°C 


Commercial 
Commercial 
Commercial 
Commercial 


84-Lead PLCC 
84-Lead PLCC 
84-Lead PLCC 
84-Lead PLCC 


22090R0C 
22091 ROC 
22190R0C 
221 91 ROC 



40G07228 Rev D 8/93 
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TMC2242 

Half-Band Merpolating/Decimating Digital Filter 

12 Bits, 40 MHz 



Description 

The TMC2242 is a fixed-coefficient, linear-phase half- 
band (low-pass) digital filter VLSI circuit which can also 
be used to halve or double a digital signal's sample rate. 
When used as a decimating post-filter with a double- 
speed oversampling video A/D converter, it greatly 
reduces the cost and complexity of the associated 
analog antialias pre-filter, such as that required for 
broadcast video chrominance bandwidth limiting. When 
used as an interpolating pre-filter, such as that required 
for broadcast video chrominance bandwidth limiting. 
When used as an interpolating pre-filter with a double- 
speed oversampling D/A converter, the TMC2242 can 
simplify the corresponding analog reconstruction post- 
filter. The only user "programming" required is selection 
of mode (interpolate, decimate, or neither) and rounding. 

The TMC2242 accepts 12-bit two's complement data at 
up to 40 million samples per second and outputs 
saturated, two's complement or inverted offset binary 
data, rounded to 9 to 1 6 bits. Within the 40 MHz 1/0 
limit, the TMC2242's output sample rate can be 1/2, 1 , 
or 2 times its input sample rate. 

The filter is flat within ±0.02 dB from 0 to 0.22 Fs, with 
stopband attenuation of greater than 59.4 dB from 0.28 
Fs to the Nyquist frequency. The response is 6 dB down 
at 0.25 Fs. Symmetric-coefficient FIR filters such as the 



TMC2242 have linear phase response. Although most 
users will be pleased with the results obtained with one 
TMC2242 in the system, full compliance with the 
SMPTE 601 standard of -12 dB at 0.25 Fs requires two 
devices cascaded serially. 

Fabricated using a one-micron CMOS process, the 
TMC2242 operates at a guaranteed clock rate of 40 
MHz over the standard temperature and supply voltage 
ranges and is available in a 44-lead plastic chip carrier. 

Features 

♦ 40 MHz guaranteed maximum clock rate 

♦ User-selectable 2:1 decimation, 1 2 interpolation 

♦ Frequency response ±0.02 dB in passband 

♦ Stopband (0.28 to 0.5 x Fs) rejection 59.4 dB 

♦ Two-device cascade meets CCITT recommendation 
601 low-pass filter requirements 

♦ Dedicated 1 2-bit two's complement input data port 
and 1 6-bit output data port with user-selectable 
rounding to 9 through 1 6 bits 

♦ Two's complement or inverted offset binary output 
format 

♦ Built-in limiter prevents overflow 

♦ Single +5V power supply 

♦ Compact 44-lead plastic chip carrier package 



Logic Symbol 




DATA 
OUT 



OUTPUT 
< TCO V FORMAT 
CONTROLS 
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Applications 

• Low-Cost, Industry-Standard Video Chrominance 
Bandwidth Limiting (Anti- Aliasing) 

• Simple, High-Performance Video Reconstruction 
Post-Filtering 

• General Digital-Domain High-Performance Low-Pass 
Filtering, Requiring: 

— Passband Below (0.22) x Fs 

— Stopband Above (0.28) xFs 

• General Digital-Domain Waveform Reconstruction 
Post-Filtering 

• Telecommunications Systems 

• Digitally Synthesized Radio 

• Radar 

Functional Description 

The TMC2242 implements a fixed-coefficient linear-phase 
Finite Impulse Response (FIR) filter of 55 effective taps, 
with special rate-matching input and output structures to 
facilitate 1:2 decimation and 2:1 interpolation. In the 
straight-through mode (equal input and output clock rates), 



the filter and input and output registers will operate at the 
guaranteed maximum clock rate of 40MHz. The total 
internal pipeline latency from the input of an impulse to 
the corresponding output peak is 33 cycles; the 55-value 
output response begins after 6 clock cycles and ends after 
60 cycles. 

To perform interpolation, the chip slows the effective input 
register clock rate to half the internal and output rates. The 
TMC2242 internally inserts zeroes between the incoming 
data samples to "pad" the input data rate to match the 
output rate. 

To perform decimation, the chip sets the output register 
clock rate to half of the input and internal rates. One output 
is then obtained for every two inputs. 

In interpolation or decimation mode, the SYNC control is 
first held HIGH, then brought LOW with the first data input 
value. SYNC is held LOW until ^synchronization is desired. 
For interpolation, input values should be presented at the 
first rising edge of CLK for which SYNC=0 and at every 
alternate CLK rising edge thereafter. 



Figure 1. Functional Block Diagram 
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INT> ► 



SYNC > ► 



CONTROL 
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S0 15-0 



TCO 
RND 



2-0 



CLK, 



TO ALL REGISTERS 



2-96 



Raytheon Semiconductor 



For More Information call 1-800-722-7074. 



TMC2242 



Figure 2A. Transfer Function of TMC2242 Half-Band 
FIR Filter 
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Figure 2B. Passband Detail of TMC2242 Transfer 
Function 
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The input data word format is always two's complement. 
The output data format is two's complement when TC0 is 
HIGH and inverted offset binary when TC0 is LOW. The 
output data can thus be processed further or routed 
directed to a Digital-to-Analog converter for reconstruction. 
The user can tailor the output data word width to his 
system requirements using the Rounding control. As shown 
in Table 7, the output is half-LSB rounded to the resolution 
selected by the value of RND2-0- The bits below the LSB 
are then zero-filled. The asynchronous three-state output 
enable control simplifies interfacing to a bus. 

Signal Definitions 



Clock 

CLK 



SYNC 



The TMC2242 operates from a single master 
Clock. All internal registers (except output 
register in decimate mode) are strobed on 
the rising edge of Clock, and all timing 
specifications are referenced to the rising 
edge of Clock. 

The user synchronizes the incoming data 
with the TMC2242 by holding SYNC HIGH on 
Clock N, and then LOW on Clock N+1, when 
the first data word is presented to the input 
Shi -0 If DEC=INT (passthrough mode), 
SYNC is inactive. SYNC may be held LOW 
until resynchronization is desired, or it may 
be toggled at 1/2 the clock rate. 



Inputs 

SI11-0 



Data presented to the registered 12-bit two's 
complement data input port Sh 1 _o will be 
latched internally on the current Clock, or on 
every other Clock if in INTERPOLATE mode. 
Sin is the MSB. 



Outputs 

SO15-O 



The current result is available at the 
registered 16-bit output port SO15-0, half- 
LSB rounded as determined by the rounding 
control word RND2-0- SO1 5 is the MSB. 

Note: TMC2242's limiter ensures that an internal overflow will generate a valid full- 
scale (7FFF positive or 8000 negative) output. The chip's D.C. gain is 
1.001 5=0.01 26dB; 0.5007 = -3.004dB in INTERPOLATE mode. 



Controls 

TC0 



INT 



When the Two's Complement format Control 
TC0 is HIGH, all output data are presented in 
signed two's complement format. When 
LOW, the output is inverted offset binary, 
obtained inside the chip by inverting bits 
SO14 through SOrj, leaving SOi 5 unchanged. 

When the input interpolation control INT is 
LOW, the input register is driven at full clock 
speed and the chip inserts zeroes between 
samples, "padding" the input to match the 
output rate and effectively halving the input 
data rate and the output amplitude. The 
TMC2242 then interpolates between these 
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alternate input data points to achieve a full 
output data rate. 

DEC When the decimation output control DEC is 

LOW, the output register is driven at half 
clock speed, decimating the output data 
stream. 

Note: When INT=DEC, both the input and output registers run at the full clock rate. 

RND2-0 These three pins set the position of the 

effective least significant bit of the output 
port by adding a rounding bit to the next 
lower internal bit and zeroing all outputs 
below the rounding bit. See Table 7. 

Note: The above controls, TCO, DEC, INT, and RND2-O determine the device function, 
numeric format, and rounding of the data. The user must exercise caution when 
changing them, since they will impact work in progress in the chip's 60 clock 
internal pipeline. 



OE 



Power 

vdd,gnd 



The output data port SI15-0 is in the high- 
impedance state when the asynchronous 
output enable is HIGH. When OE is LOW, the 
port is enabled. 



The TMC2242 operates from a single +5V 
supply. All power and ground pins must be 
connected. 



Table 1 . Input and Output Data Formats and Bit Weighting, TCO=1 
Bit Weight - Output Port During Interpolation Only2 



_ 2 1 20 



2-1 



2-6 2-7 2-8 2-9 2"10 2"H 2"12 2"13 2"14 



Bit Weight -All other I/O 



-20 



2-1 



2-2 



2-7 



2-8 



2-9 



2-10 



2-11 



2-12 



2-13 



2-14 



2-15 



Rounding 
RND2-0 



Input 

sin 


sho 


Sl 9 


• • • 


Sl4 


Sl 3 


Sl 2 


Sll 


Sl 0 












Output 




























SO15 


S0 14 


SO13 


• • • 


S0 8 


S07 


so 6 


so 5 


S04 


S0 3 


SO2 


SOi 


SOor 


000 


SO15 


SO14 


SO13 


• • • 


S0 8 


so 7 


so 6 


so 5 


S04 


S0 3 


SO2 


SOir 


0 


001 


SO15 


sou 


so 13 




so 8 


so 7 


so 6 


so 5 


S0 4 


SO3 


S02r 


0 


0 


010 


SO15 


SO14 


SO13 


• • e 


so 8 


so 7 


so 6 


so 5 


S04 


S0 3 r 


0 


0 


0 


011 


SO15 


SO14 


SO13 


• • • 


so 8 


S07 


so 6 


so 5 


S04r 


0 


0 


0 


0 


100 


SO15 


SO14 


SO13 


• • • 


so 8 


S07 


so 6 


S05r 


0 


0 


0 


0 


0 


101 


SO15 


SO14 


SO| 3 


• • • 


S0 8 


so 7 


S0 6 r 


0 


0 


0 


0 


0 


0 


110 


SO15 


SO14 


SO13 


• • • 


S0 8 


SOyr 


0 


0 


0 


0 


0 


0 


0 


111 



Note: 1 . When TCO=0, most significant bit of output is positive instead of negative. 

2. During interpolation, device DC gain is approximately 0.5. 

3. Where "r" indicates the half-LSB-rounded bit, 0 the zeroed LSBs, and a minus sign a sign bit. 
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Table 2. Hexadecimal Impulse Response and 
Decimal Equivalents of Coefficients 



Table 3. Input Transition Response 



INPUT 



OUTPUT 



Note: 



1. Input=0,0,400,0,0,... 
INT=DEC=1 
TC0=1 



Innnlco 
lllplllac 

0ut1 


Uclrlllldl 

Equivalent 






INT=DEC 
TCO=0 


INT=DEC 
TC0=1 


INI=U 

DEC=1 
TCO=1 


IN 1=1 

DEC=0 
TC0=1 


FFF2 


-.000875473 


coef#1,55 


400 


XX 


XX 


XX 


XX 


0000 


.0 


coet #2, 54=0 


400 


XX 


XX 


XX 


XX 


0017 


.001390457 




>55 cycles • 


• 


• 


• 


• 


0000 


.0 




• 


• 


• 


• 


• 


FFDB 


-.002265930 




• 


• 


• 


• 


• 


0000 


.0 




400 


3FE7 


4018 


2008 


4018 DCgainl 


0039 
0000 


.003501892 




400 
000 


3FE7 


4018 


2010 


4018 


FFA8 


-.005355835 














0000 
007D 


.007621765 




000 


3B90 


446F 


245F 


446F Max 
ringing 


0000 






000 


3B90 


446F 


2010 


446F 


FF51 


-.01071167 




000 


4FEB 


3014 


1004 


1004 


0000 






000 


6FFB 


1004 


0000 


1004 


00F3 


.01483154 




000 


846F 


FBA9 


FBA9 


FBA9 Min 


0000 














ringing 


FEB5 


-.02018738 














0000 
















01 CA 
0000 


.02796364 




000 


7FFF 


0000 


0000 


0000 Steady 


FD79 


-.03949928 












state 


0000 
03CD 


.05937767 




Note: 1 . In interpolation, steady-state output will oscillate approximately 0.1%, as 
here between 2008 and 2010. 


0000 
















F95E 


-.1036148 














0000 
















145B 


.3180542 


coef#27,29 












2010 


.5009766 


coef #28 (center) 













Table 4. Steady-State Output Values and Limiter Triggers (L) versus Input Data 





INTU 


1 orDEC\=0 


INT\ = 


Oand DEC\= 1 




Input 


TCO = 0 


TCO = 1 


TCO = 0 


TCO = 1 


Interpretation 


7FF 


0000 (L) 


7FFF (L) 


3FF7/3FE7 


4008 / 4018 


+ full-scale 


400 


3FE7 


4018 


5FF7/5FEF 


2008 / 2010 


+ 1/2 scale 


001 


7FEF 


0010 


7FF7 


0008 


+ 1 LSB 


000 


7FFF 


0000 


7FFF 


0000 


Zero 


FFF 


800F 


FFF0 


8007 


FFF8 


-1 LSB 


COO 


C017 


BFE8 


A007/A00F 


DFF8/DFF0 


- 1/2 scale 


800 


FFFF (L) 


8000 (L) 


C00F/C01F 


BFF1/BFE0 


- Full-scale 
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Package Interconnections 



Signal 
Type 


Name 


Function 


R2 Package 


Timing Controls 


INT 


Interpolate 


44 




DEC 


Decimate 


1 




SYNC 


Synchronization 


43 




CLK 


Qvctom Pin ft 
oyoiciii uiui/ix 


42 


Data Inputs 


sin-o 


Input Data Port 


40, 37, 36, 35, 34, 33, 
91 ?n 97 ?r ?r 


Data Outputs 


SO15-O 


Output Data Port 


4,5, 6, 7, 8,910,11, 
14,15,16,17,18,19, 
20,21 




OE 


Output Enable 


3 


Output Controls 


RND2-0 


Rounding 


22,23,24 


Power 


VDD 


Supply Voltage 


13, 29, 38 




GND 


Ground 


12, 28, 39,41 



Figure 3. Timing Diagram — Equal Rate Mode INT=DEC 
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the same numbers. Thus, the input-to-center latency is 33 registers (clock cycles). 21 569A 
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Figure 4. Timing Diagram - Decimination INT=1, DEC=0 
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Figure 5. Timing Diagram - Interpolation INT=0, DEC=7 
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Figure 6. Impulse Response - Equal I/O Rate Mode INT=DEC 
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Figure 7. Impulse Response - Interpulate Mode DEC=1 f INT=0 
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Figure 8. Impulse Response - Decimate Mode DEC=0, INT=1 
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Figure 9. Equivalent Input Circuit 
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Figure 10. Equivalent Output Circuit 
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Figure 11. Threshold Levels for Three-State 
Measurement 



OEN 



THREE-STATE 
OUTPUTS 
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Absolute maximum ratings (beyond which the device may be damaged)^ 



Supply Voltage -0.5 to +7.0V 

Input Voltage -0.5 to (Vdd + 0.5)V 

Output 

Applied voltage2 -0.5 to (Vqd + 0.5)V2 

Forced current3,4 -6.0 to 6.0mA3,4 

Short-circuit duration 

(single output in HIGH state to ground) 1 sec 

Temperature 

Operating case -60 to +130°C 

junction 175°C 

Lead soldering (10 seconds) 300°C 

Storage -65to+150°C 



Notes: 1 . Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. Functional 
operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 
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Operating conditions 







Temperature Range 








Standard 




Parameter 


iui; n 
mm 


Max 


Units 


vdd 


Supply Voltage 


4.75 


5.25 


V 


V|L 


Input Voltage, Logic LOW 




0.8 


v 


V|H 


Input Voltage, Logic HIGH 


o n 
z.u 




V 


lOL 


Output Current, Logic LOW 




8.0 


mA 


Inn 


Output Current, Logic HIGH 




-4.0 


mA 


tCY 


Cycle Time 
TMC2242 


33 




ns 




TMC2242-1 


25 




ns 


tpWL 


Clock Pulse Width, LOW 


10 




ns 


tPWH 


Clock Pulse Width, HIGH 


10 




ns 


ts 


Input Setup Time 
TMC2242 


10 




ns 




TMC2242-1 


8 




ns 


tH 


Input Hold Time 


0 




ns 


ta 


Ambient Temperature, Still Air °C 


0 


70 


°C 



Electrical characteristics within specified operating conditions^ 



Parameter 


Test Conditions 


Temperature Range 
Standard 


Units 


Min 


Max 


IDDQ Supply Current, Quiescent 


VDD=Max, V|N-0V 




5 


mA 


IDDU Supply Current, Unloaded 


VDD=Max,OE=VDD, 
f=10MHz 






mA 


f=20MHz 




140 


mA 


1 1 1_ Input Current,Logic LOW 


VoD=Max, V||\|=0V 




±10 


MA 


1 1 H Input Current,Logic HIGH 


VDD=Max,V||\|=VDD 




±10 


|oA 


Vol Output Voltage,Logic LOW 


VoD=Min, l0L=Max 




0.4 


V 


VrjH Output Voltage,Logic HIGH 


VoD=Min, lQH=Max 


2.4 




V 


IfjZL Hi-Z Output Leakage 
Current, Output LOW 


VDD=Max,V||\|=0V 




±40 


ma 


IfjZH Hi-Z Output Leakage 
Current, Output HIGH 


VoD=Max, V||\|=Vdd 




±40 


ma 


IrjS Short-Circuit Output 
Current 


VDD=Max, Output HIGH, 

one pinto ground, 

one second duration max. 


-20 


-80 


ma 


C| Input Capacitance 


TA=25°C,f=1MHz 




10 


PF 


Cq Output Capacitance 


TA=25°C,f=1MHz 




10 


PF 



Note: 1 . Actual test conditions may vary from those shown, but specified operation is guaranteed. 
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Switching characteristics within specified operating conditions 









Temperature Range 










Standard 




Parameter 


Test Conditions 


Min 


Max 


Units 


tD 


Output Delay 


VDD=Min, C|_=25pF 










TMC2242 






20 


ns 




TMC2242-1 






16 


ns 


tHO 


Output Hold 


VDD=Max, C[_=25pF 


3 




ns 


tENA 


Output Enable 


VDD=Min, CL=25pF 










TMC2242 






20 


ns 




TMC2242-1 






15 


ns 


tDIS 


Output Disable 


VDD=Min, CL=25pF 










TMC2242 






20 


ns 




TMC2242-1 






15 


ns 



Applications Discussion 

Digitizing Composite NTSC Video 

The TMC2242 is well suited for filtering digitized 
composite NTSC-encoded analog video. Figure 12 shows 
a simple and cost-effective circuit built around the device. 
The TDC1049 9-bit Analog-to-Digital converter is a popular 
choice for digitizing high-quality video, offering a 30MHz 



maximum clock rate and 16MHz input bandwidth at 
moderate cost. The relative timing of the TDC1049 and 
TMC2242 clocks must accommodate the delay through the 
10125 ECL-to-TTL converter, the TDC1049 output delay, 
and the TMC2242 input setup and hold times. 



Figure 12. Digitizing NTSC Video Using the Decimation Mode 



Clock 
28.636 MHz 



Analog 
NTSC J- 
Composite 
In (75£2) 



/YYY\_«_/YYY\_ 

2uH 



2uH 
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300 pF 



An 



Antialiasing 
Prefilter 



- 0.01 2 dB @ 5.75 MHz 

-3dB@9.3MHz 

-48dB@21.5MHz 



CONV D 
TDC1049 D, 
AGND 



V 



X 



3x10125 
or Equiv. 



TCD 1049 ADC 



15 MHz Input BW 
28.636 MSPS Clock 
D 1 = MSB, D 9 = LSB 



Sin CLK 
TMC 2242 



10-3 



so 15 . 

DEC INT 



I \ 10 k Digitized 
~\ ) NTSC 
4f s< 



+5V 



2K 



TMC 2242 
Half-Band Fitter 

2:1 Decimation Mode 
Data in @ 28.636 MSPS 
Data Out @ 14.318 MSPS 
Sl^ = MSB. Sl 3 = LSB 
SI 15 = MSB, SO e = LSB 
10 Bits Output Precision 
TCO = 1 
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In Figure 13, an interpolating TMC2242 drives a fast 
D/A converter to reconstruct an analog NTSC composite 
waveform. The TDC1 112 12-bit Digital- to-Analog converter 
features extremely low glitch energy for accurate 
waveform generation, and settling to + 1/2 LSB in less 
than 30nsec. The same (Figure 7^75-ohm analog filter is 
used, this time after the DAC. The user must maintain the 



correct timing between the TTL Clock and the ECL Clock, 
including the delay introduced by the 1 01 24 TTL-ECL 
converter. See the Timing Diagram and the TDC1012 
datasheet. Lower-speed applications can employ the 
TTL-input TDC1 01 2 DAC without the level translators 
(Figure 14). 



Figure 13. High Speed Interpolation Application 
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20 
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TMC2242 
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Data Out@28.636MSPS 
SI 10 =MSB,SI 0 =LSB 
S0 13 =MSB,S0 2 =LSB 
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TCO=0 
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Sl 10-0 ' S0 13-2 

or invert 

MSB input to TMC2242 and 
use Sln_o and SO143 




ANALOG 

300 pF ^ 510 pF^ 300 pF ^ NTSC 



EXTERNAL LIMITED 
HERE 



28.6136MSPS Data Input 
DI^MSB/DI^LSB 
ECL Inputs 



-0.012dB@ 5.75MHz 
-3dB@ 9.3MHz 
-48dB@ 21.5MHz 



Figure 14. Medium Speed Interpolation Application 
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Pin Assignments - 44 Lead Plastic Chip Carrier - R2 Package 



Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


1 


DEC 


12 


GND 


23 


RND1 


34 


Sl 7 


2 


TCO 


13 


vdd 


24 


RNDo 


35 


Sl8 


3 


OE 


14 


SOy 


25 


Slo 


36 


Slg 


4 


SO15 


15 


so 6 


26 


SI1 


37 


sho 


5 


SO14 


16 


S0 5 


27 


Sl 2 


38 


vdd 


6 


SO13 


17 


SO4 


28 


GND 


39 


GND 


7 


SO12 


18 


S0 3 


29 


vdd 


40 


sin 


8 


son 


19 


S0 2 


30 


Sl3 


41 


GND 


9 


SO10 


20 


SO1 


31 


SI4 


42 


CLK 


10 


SOg 


21 


so 0 


32 


Sl 5 


43 


SYNC 


11 


so 8 


22 


RND2 


33 


Sl6 


44 


INT 



Sl^ 40 C 
GND 41 C 
CLK 42 [ 
SYNC 43 C 
JNT 44[ 
DEC 1[ 



TCO 
OE 
SO15 

so 14 



CO CO CO CO CO CO CO CO CO CO 




UUUUUUUUUL 

NCOO)OT-<NCOtmiD 



]28 GND 
127 Sl 2 
II 26 

325 SI Q 
324 RND Q 
]23 RND-| 
122 RND 2 
]21 SO 0 
]20 S0 1 
319 S0 2 
]18 S0 3 



CM t- O O) COD 



Q t — CO IO 

So 000 

> CO CO CO CO 



Ordering Information 



Product 


Temperature Range 


Screening 


Package 


Package 


Number 






Marking 


TMC2242R2C 


STD-TA=0°Cto 70°C 


Commercial 


44 Lead Plastic Chip Carrier 


2242R2C 


TMC2242R2C1 


STD-TA=0°Cto 70°C 


Commercial 


44 Lead Plastic Chip Carrier 


2242R2C1 



40GO6433 Rev B 8/93 
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CMOS FIR Filter 

10x10 Bit, 20 MHz 



TMC2243 



Description 

The TMC2243 is a video speed three stage 10 x 10 bit 
FIR (Finite Impulse Response) filter integrated circuit 
composed of three registered multiplier-adders 
concatenated into a one-dimensional systolic array. 
Utilizing two's complement representation, the TMC2243 
accepts one 10-bit data point, updates one 10-bit 
coefficient, and produces one 16-bit rounded, filtered 
output point every 50 nanoseconds. 

The TMC2243 has features which facilitate longer FIR 
filters, a 16-bit Sum-In port and user programmable 
pipeline registers. Enabling these registers allows the 
insertion of a zero-coefficient stage before each regular 
filter stage for up to six stages per TMC2243. Larger FIR 
filters can be built by cascading Sum-In and Sum-Out. 

Coefficients are stored in 3 registers and are addressed 
via the 2-bit Write Enable control, allowing one 
coefficient to be changed per clock cycle. All Data, Sum- 
In, Sum-Out and instruction inputs are registered on the 
rising edge of clock. 

The 1 6 MSBs of the 23-bit internal summation path are 
available at the Sum-In and Sum-Out ports. Six bits of 
cumulative word growth are provided internally. Data 
Overflow is indicated by an output flag. 

Built with Raytheon Semiconductor's one-micron double 
level metal OMICRON-C™ CMOS process, the 
TMC2243 is available in a 68-pin grid array. 

Features 

♦ 20 MHz data input and computation rate 

♦ 1 0 x 1 0 bit multiplication with 23-bit extended 
precision sum of products (overflow, plus 1 6 output 
and 6 guard bits) 



♦ Up to 3 zero and 3 non-zero stages per device 

♦ Two's complement arithmetic 

♦ 1 6-bit Sum-In and Sum-Out ports for cascading 

♦ Internal 1/2 LSB rounding 

♦ All inputs and outputs are registered 

♦ One coefficient update per clock cycle 

♦ Low power consumption CMOS process 

♦ Single +5V supply 

♦ Available in 68-pin grid array and 69-pin plastic PGA 
packages 

Applications 

♦ FIR filters 

♦ Adaptive filters 

♦ Multi-bit correlation 

♦ One and two dimension video filtering 

♦ Radar signal processors 

♦ One and two dimension convolution 

♦ Arithmetic element for systolic array processors 
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Functional Block Diagram 



ci 9 _ 0 1£> 



CWE 1 _ 0 >7^ 



S'21-6 



CLK >- 




► TO ALL REGISTERS 



Pin Assignments 



63 Pin Grid Array - G8 Package 

69 Pin Plastic Pin Grid Array - H8 Package 



LKJHGFEDCB 



Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


B2 


GND 


K2 




K10 


GND 


B10 


OV 


B1 


V D D 


L2 


Dl 0 


K11 


% 


A10 


so 21 


C2 


OE 


K3 


Cl 0 


J10 


Sl 17 


B9 


so 20 


CI 


FTO 


L3 


CI, 


J11 


% 


A9 


so 19 


D2 


*1 


K4 


Cl 2 


H10 


% 


B8 


so 18 


D1 


FT 2 


L4 


Cl 3 


H11 


Sl 14 


A8 


so 17 


E2 


CWE Q 


K5 


Cl 4 


G10 


S"13 


B7 




El 


CWE 1 


L5 




G11 


% 


A7 


SO15 


F2 


Dig 


K6 


Vdd 


F10 


S"11 


B6 


so 14 


F1 


Dig 


L6 


Cl 6 


F11 


% 


A6 


S0 13 


G2 


Dl 7 


K7 


Cl 7 


E10 


Slg 


B5 


so 12 


G1 


Dl 6 


L7 


Cl 8 


E11 


Slg 


A5 


soil 


H2 


™5 


K8 


Clg 


D10 


S>7 


B4 


so 10 


HI 


Dl 4 


L8 


Sl 21 


D11 


Sl 6 


A4 


SOg 


J2 


Dig 


K9 


si 20 


CIO 


v D d 


B3 


so 8 


J1 


Dl 2 


L9 


% 


C11 




A3 


so 7 


K1 


GND 


L10 


CLK 


B11 


GND 


A2 


so 6 



Note: Pin D4 is a mechanical orientation pin on the H8 package at 
manufacturer's option. 
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Functional Description 
General Information 

The TMC2243 consists of three identical arithmetic cells, each 
of which contains a 10 x 10 two's complement multiplier and 
a 23-bit adder. Each cell receives the current data (Dl) from 
the Data input register, multiplies it by a locally stored 
Coefficient (Clj), and adds it to the Sum Sl(j_i) received from 
the previous cell. The result, 

Slj = Dl x Clj + Sl(j_i), 

then goes to the next cell via two serial pipeline registers. 
When only one pipeline register is enabled, stages (i-1) and i 
are sequential. When both registers are enabled, there is a 
stage with a zero coefficient between them. 



The input arithmetic cell receives Sl(j_n via the 16-bit 
Sum -In port (registered when FT] = LOW), filling the six 
lower bits with 100 000 (1/2 LSB) for internal rounding. The 
output cell outputs the 16 MSBs (V21 through Vgl of SO, 
through a register to the Sum -Out port. The Overflow flag is 
set when the final output exceeds 16 bits and resets with the 
output of the next nonoverflowing result. Sum -Out and the 
Overflow Flag can be forced to high-impedance with the 
Output Enable control. See Figure 1. 

The two-bit Write Enabie control specifies the loading of the 
three coefficient registers (one per arithmetic cell) with data 
appearing at the Coefficient Input port. 



Signal Definitions 



Power 

Vrjrj, GND The TMC2243 operates from a single +5V 
supply. 



Clock 

CLK 



Inputs 

Dig-o 



Si 21-6 



The TMC2243 has a single clock input. The 
rising edge of CLK strobes all enabled registers. 
All timing specifications are referenced to the 
rising edge of clock. 



Dig through Dig is the 10-bit registered Data 
Input; Dig is the MSB (sign bit) and Dig is the 
LSB. Data is in two's complement 
representation, and is clocked into the data 
register on each rising edge of clock. See 
Figure 1. 

SI21 through S Ig is the 16-bit Sum-In port. 
SI21 is the MSB (sign bit). Sum-In is truncated 
to bit Slg (plus the 1/2 LSB rounding bit in 
S^land is in two's complement representation. 
See Figure 1. The Sum -In port is registered, on 
the rising edge of clock, only when FT-| =LOW. 



cl 9-0 



Outputs 

SO21-6 



Unique input setup requirements must be 
observed when operating in the feedthrough 
mode (FT] = HIGH). See text. 

Clg through Clg is the 10-bit registered 
Coefficient Input; Clg is the MSB (sign bit) and 
Clg is the LSB. Each coefficient and its write 
enable address (CWEi _3> are registered on the 
same clock. The coefficient is then latched into 
the indicated register (Ci —3) at the rising edge 
of the next clock. The contents of this bus are 
ignored if a coefficient register is not selected 
(CWE = 00). The format of Clg_g is identical to 
that of Dig _ 



SO21 through SOg is the three-state 16-bit 
registered Sum -Out port; SO21 is the MSB 
(sign bit). For maximum precision, the internal 
products and accumulations are 23 bits but 
Sum -Out is internally truncated to 16 bits, and 
excludes the overflow bit and the 6 LSBs. The 
format is identical to that of SI21 —6- See 
Figure 1. 
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Controls 

CWEi_o 



FT3-1 



The two bits of the registered Coefficient Write 
Enable control indicate which of the coefficient 
registers is to receive a new coefficient at the 
beginning of the next clock cycle. 

CWE]_o Coefficient Register Selected 

00 Holds ail coefficients unchanged. 

01 C1 

10 C 2 

11 C 3 

These registered Feed Through controls select 

clocked (FTj = LOW) or feedthrough 

(FTj = HIGH) operation for each of the pipeline 



OE 



OV 



registers. Setting FTj = LOW inserts a zero 
coefficient stage, or additional register, before 
the ith non-zero stage. 

Output Enable is a registered three -state enable 
control which forces the Sum -Out port and 
Overflow to the high -impedance state when 
HIGH. These outputs are enabled when OE is 
LOW. 



The Overflow Flag is a registered three -state 
output which goes HIGH whenever the 
summation result exceeds 16 bits and is reset 
to LOW on the next nonoverflowing result. 



Package Interconnections 



Signal 
Type 


Signal 
Name 


Function 


G8, H8 Package Pins 


Power 


% 


Supply Voltage 


B1, K6, C10, C11 




GND 


Ground 


B2, K1, K10, B11 


Inputs 


DI 9-0 


Data Input 


F2, F1, G2, G1, H2, 
HI, J2, J1, K2, L2 




sl 21-6 


Sum Input 


L8, K9, L9, K11, J10, 
J11, H10, Ml, G10, Gil, 
F10, F11, E10, Ell, D10, D11 




CI 9-0 


Coefficient Input 


K8, L7, K7, L6, L5, 
K5, L4, K4, L3, K3 


Outputs 


s0 21-6 


Sum Output 


A10, B9, A9, B8, A8, B7, A7, B6, 
A6, B5, A5, B4, A4, B3, A3, A2 


Clock 


CLK 


Master Clock 


L10 


Controls 


CWE^n 


Coefficient Write Enable 


El, E2 




^3-1 


Feedthrough 


D1, D2, C1 




OE 


Output Enable 


C2 


Flag 


OV 


Overflow 


BIO 
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Figure 1. Data Formats and Internal Busing 



9-0. 



Ag 


A8 


A? 


A 6 


»5 


A, 


«3 


A 2 


*1 


AO 



DATA IN 



SIGN EXTENSION 
_ 2 4 2 1 2° , 



X B ° 


B 8 B 7 B 


6 B 5 


B4 


B3 


B 2 


Bl 


B 0 



COEFFICIENT IN 





Pl9 


Pl9 


P19 


Pl9 


P18 


Pl7 


Pl6 


Pl5 


Pl4 


P13 


■*12 


Pl1 




P9 




P7 


P6 


P5 


P4 


P3 


P2 


Pi 


Po 


















































+ 


*21 


S Z 1 




s 19 


s 18 


»17 


S 16 


% 


S 14 


s 13 


s 12 


Sll 


s 10 


S9 




s 7 


s 6 | 1 


0 


0 


0 


0 


0 



SUM-IN 



T 22 


T21 


T 20 


Tib 




Tl7 


T« 


T15 


T« 


T« 


T« 


Til 


TlO 


h 


T 8 


T 7 


T 6 


T 5 


T4 


T 3 


T 2 


Tl 


T 0 



FIRST PARTIAL SUM 



°19 


Q19 


019 


Q 19 


Q 18 


017 


Q 16 


Q15 


0 H 


013 


Q 12 


°11 


"10 


0| 


t>8 


07 


06 


05 


04 


03 


Q 2 


°1 


°0 



u 22 


U 21 


"20 


"19 


"18 


"17 


"16 


"15 


"14 


"13 


"12 


"11 


"10 


"9 


"8 


"7 


"6 


"5 


"4 


"3 


"2 


"1 


"0 



+ 



R 19 


R 19 


R 19 | R 19 


R 18 


R 17 


R 16 


R 15 


R 14 


R 13 


R 12 


R 11 


R 10 


R 9 


R 8 


R 7 


R 6 


R 5 


R 4 


R 3 


R 2 


R 1 


R 0 



THIRD PRODUCT 



v 22 


v 2 i 


«20 




Via 


«17 


% 


Vl5 




«13 


hi 


«11 


VlO 


«9 


v 8 


h 


«6 


v 5 


h 


«3 


«2 






1 
















































L 




r 






























1 


r 
















s 21 


s 20 


s 19 


s 18 


S17 


Sl6 


s 15 


Sl4 


S13 


Sl2 


Sll 


s 10 


S9 


S8 


S7 


s 6 


(TRUNCATE 6 


LSBs) 







- 2 3 



2 0 #2 -1 



OUTPUT 



f Where: 

OV S = Sum- In, Sum -Out 

P, Q, R = Products 
T, U, V = Partial Sums 




Because the Sum-In and Sum-Out ports are truncated by sum of products, effecting half-LSB rounding relative to the 
6 bits relative to the external accumulation pipeline, the output format. The chip internally utilizes all lower-order bits, 

TMC2243 rounds internally by adding to each emerging to 2~ '8 
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Figure 2. Timing Diagram Demonstrating Basic Operation with FT] .3 = HIGH (no zero stages) 

0 1 2 3 4 5 6 



CLK 









s lT*~l tH 





■ Hi °* xxx -. xxx « xxx xxx - xxx xxx - x 




« x °' A yxx » mr^m 



LOAD NEW COEFFICIENTS 



- X ■ XXX . XXX ■ xxx 



l S(SI) 



■PHIS!) Note 1 



X % XX - XX % XX % XX «■ XX % XX % X 



I I I 



- x ■ xxx . xxx . xxx ■ xxx . xxx . xxx . y 



SO, OV 

Note 2 




FIRST NEW SUM OUTPUT 



1 x s °i x s °2 x s °3 x s °4 x «% x ~ 



CWE 




-^0 



Notes: 
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inputs when when FT-j = LOW. See text. 
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1. Setup and Hold requirements for the Sum Input are similar to the other 

2. Sum Out and Overflow timing are shown with 0E = LOW. 



TMC2243 



The basic equation describing the function of the TMC2243 
operating in a fixed state is: 



S0(N) = SI(n - 6 + F1 + FT2 + FT3) 

+ c 1 * DI(n - 7 + FT2 + FT3) 

+ C 2 x DI(n - 5 + FT3) 

+ c 3 * DI( N _3) 



Careful observation of the clock delays shown is basic to 
construction of a filter algorithm. The operating sequence for 
the common application with FT-|_3 = HIGH (no zero stages) 
is shown in Figure 2. The simplified block diagram 
demonstrates the clock stages in this configuration. When 
FT-j = HIGH, the input feedthrough register is bypassed, and 
care must be taken to observe the setup requirements on the 
input of the first adder. Due to the absence of the input 
register buffer, note that the adder operates on data stable 
just prior to the arrival of the next clock, and not that setup 



at the rising edge of the current clock. When FTi = LOW the 
input register latches the input data, and the Sum Input 
follows setup and hold requirements similar to the other 
registered inputs of the TMC2243. When FT] = HIGH, t$(si) is 
guaranteed to allow 20MHz pipelined operation, assuming that 
input setup is observed, including cascaded operation. See the 
AC Characteristics table, and Figure 9, Applications Discussion. 

Figure 3 shows the effects of the feedthrough registers on 
filter operation, with two different configurations. The inputs 
are those presented at the corresponding rising edge of clock, 
excepting the delayed setup requirements of the Sum Input 
when FT] = HIGH. The outputs are those available up to and 
including the corresponding edge of clock. Applications utilizing 
the TMC2243's ability to modify coefficients dynamically are 
demonstrated in Figure 4, showing the operation of a typical 
adaptive filter. Note that the Sum Output will be zero in the 
first few clock cycles of all examples only if the Coefficient 
Registers are initialized to zero beforehand. 



Figure 3. Impulse Response Filter Operation Sequence with FT2 3 = LOW 



Cycle 


SKA) FT-j = LOW 


SI(B) FT 1 = HIGH 


Dl 


CI 


CWE 


so 


1 


0 


0 


0 


h 


01 


0 


2 


0 


0 


0 




10 


0 


3 


0 


0 


0 


K 2 


11 


0 


4 


si 0 


0 


Dl 0 


0 


00 




5 


S"1 


Sl 0 


D'1 


0 


00 


0 


6 


si 2 


Sh 


Dl 2 


0 


00 


0 


7 


Sl 3 


Sl 2 


Dl 3 


0 


00 


DI 0 K 2 


8 


Sl 4 


S'3 


Dl 4 


K 0 ' 


01 


Dl^ 


9 


S»5 


SI4 


D'5 


0 


00 


DI 0 K 1 + DI 2 K 2 


10 


Sl 6 


Sl 5 


Die 


KV 


10 


Sl 0 + DI 1 K 1 + DI 3 K 2 


11 


Sl 7 


S'6 


Dl 7 


0 


00 


Slj + DIqKq + DI 2 Kt + DI 4 K 2 


12 


si 8 


Sl 7 


Dig 


K 2 ' 


11 


Sl 2 + D^Kq + DI 3 K 1 + DI 5 K 2 


13 


SIg 


si 8 


Dig 


0 


00 


Sl 3 + DI 2 K 0 + DI 4 K 1 + DI 6 K 2 


14 


0 


SIg 


0 


0 


00 


Sl 4 + DI 3 K 0 + DI 5 K 1 + DI 7 K 2 


15 


0 


0 


0 


0 


00 


Sl 5 + DI 4 K 0 + DI 6 K 1 + DI 8 K 2 


16 


0 


0 


0 


0 


00 


SIg + DI 5 K 0 ' + DI7K-1' + DlgK 2 ' 


17 


0 


0 


0 


0 


00 


Sly + DlgKg' + DlgK-]' 


18 


0 


0 


0 


0 


00 


Sl 8 + DI 7 Kq' + DlgK-]' 


19 


0 


0 


0 


0 


00 


SIg + DI 8 K Q ' 


20 


0 


0 


0 


0 


00 


D'gKo' 


21 


0 


0 


0 


0 


00 


0 
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SKA) is the sequence of Sum Input data with FT-j _3 = LOW (three zero stages). 



CWE 




SO N - SI N - 6 + C 1 DI N _7 + C 2 DI N _ 5 + C 3 DI N _ 3 
SKB) is the sequence of Sum Input data with FT-j = HIGH and FT2 7 3 = LOW (two zero stages). 



CWE 




SO N - SI N -5 + CtDIm-7 + C 2 DI N _ 5 + C 3 DI N _ 3 
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Figure 4. Typical Adaptive Filter Operation Sequence 



Cycle 


SI 


Dl 


CI 


CWE 


SO 


o 


big 


Wg 


A 1 


m 
Ul 


n 
u 


1 


bl 1 


Ul 1 


A 2 


IU 


n 
u 


2 


C|„ 


ni_ 
Uh 


A 3 


11 


n 
u 


0 


CI 
0I3 


DI3 


B 1 


01 


0 


4 


CI 

0I4 


m. 
DI4 


B 2 


10 


0 


5 


u 0 


u, 5 


Bo 
D 3 


11 


0 


6 


Sl 6 


Dl 6 


C1 


01 


Sl 2 + A1DI1 + A 2 DI 2 + A3DI3 


7 


si? 


Dl 7 




10 


SI3 + A-|DI 2 + A 2 DI 3 + A3DI4 


8 


Sl 8 


Dig 


c 3 


11 


SI4 + A-1DI3 + A 2 DI 4 + A3DI5 


9 


SIg 


Dig 




00 


Sl 5 + B1DI4 + B 2 DI 5 + B3DIQ 


10 




D'lO 




00 


SIg + B1DI5 + B 2 Dlg + B3DI7 


11 


sin 


D'11 




00 


Sly + B-|Dlg + B 2 Dly + B3DIQ 


12 


Sl 12 


Dl 12 




00 


SIg + C 1 Dly + C 2 Dlg + C 3 Dlg 


13 


SI13 


D'13 




00 


SIg + C-|Dlg + C 2 Dlg + C3DI10 



with FT] = LOW and FT2 # 3 = HIGH (one zero stage) 




SOn = SIn-4 + CiDIn-5 + c 2DI|\|-4 + C3 DI N-3 



For More Information call 1-800-722-7074. 
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Figure 5. Equivalent Input Circuit 
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P+ 
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Figure 6. Equivalent Output Circuit 
>— 



Vdd 

o 



n SUBSTRATE 
P -^Dl 

P+ 



-O OUTPUT 



n+ 
^TD2 
p WELL 



-="GND 



Figure 7. Test Load 



TO - 
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500 Q 
^ °V L OAD 



40pF 



GND 



Figure 8. Transition Levels For Three -State Measurements 

*ENA 



CLK 1 



l DIS 



THREE-STATE 
OUTPUTS 



0.5V 



r 

0.5V 



HIGH IMPEDANCE 



< 



2.0V 
0.8V 



Note: 



1. Assumes 0E has gone LOW, within the Input Setup requirements. 
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Absolute maximum ratings (beyond which the device may be damaged) 1 



Supply Voltage , -0.5 to +7.0V 

Input Voltage -0.5 to (V DD +0.5V) 

Output 

Applied voltage 2 -0.5 to (V DD +0.5V) 

Forced current 3 - 4 -1.0 to 6.0mA 

Short-circuit duration (single output in HIGH state to ground) 1 sec 

Temperature 

Operating, case -60 to +130°C 

junction 175°C 

Lead, soldering (10 seconds) 300°C 

Storage -65 to +150°C 



Notes: 



1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 



Operating conditions 





Temperature Range 






Standard 


Extended 




Parameter 


Min 


Norn 


Max 


Min 


Norn 


Max 


Units 


Vqq Supply Voltage 


4.75 


5.0 


5.25 


4.5 


5.0 


5.5 


V 


V )L Input Voltage, Logic LOW 


2.0 






2.0 






V 


V jH Input Voltage, Logic HIGH 






0.8 






0.8 


V 


IqL Output Current, Logic LOW 






4.0 






4.0 


mA 


IqH Output Current, Logic HIGH 






-2.0 






-2.0 


mA 


T A Ambient Temperature, Still Air 


0 




70 








°C 


Tq Case Temperature 








-55 




125 


°C 
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DC characteristics within specified operating conditions 1 







Temperature Range 








Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


'DDQ Supply Current, Quiescent 


Vrjrj = Max, M m = OV, OE = HIGH 




15 




15 


mA 


irjrju Supply Current, Unloaded 


V DD = Max, OE = HIGH 
f = 20MHz 




90 




90 


mA 




f = 10MHz 




48 




48 


mA 


l|L Input Current, Logic LOW 


Vrjp = Max, V, N = OV 


-75 


75 


-75 


75 


/iA 


l|H Input Current, Logic HIGH 


V DD = Max, V, N = V DD 


-75 


75 


-75 


75 


//A 


Vg L Output Voltage, Logic LOW 


Vqq = Min, Iql - Max 




0.4 




0.4 


V 


V 0H Output Voltage, Logic HIGH 


Vrjp = Min, Ig^ = Max 


2.4 




2.4 




V 


Iq2l Hi-Z Output Leakage Current, Output LOW 


Vprj = Max, V, N - OV 


-40 


40 


-40 


40 




IqZH Hi-Z Output Leakage Current, Output HIGH 


V DD = Max, V (N = Vgrj 


-40 


40 


-40 


40 


Hk 


Igg Short- Circuit Output Current 


Vgg = Max, Output HIGH, one pin to ground, 
one second duration max 




-150 




-150 


mA 


C| Input Capacitance 


T A = 25°C, f = 1MHz 




10 




10 


pF 


Cq Output Capacitance 


T A = 25°C, f = 1MHz 




10 




10 


PF 



Note: 

1. Actual test conditions may vary from those shown, but guarantee operation as specified. 



AC characteristics within specified operating conditions 



Parameter 


Test Conditions 


Temperature Range 


Units 


Standard 


Extended 


Min 


Max 


Min 


Max 


trjY Cycle Time 


V DD = Min 


50 




50 




ns 


t PWL Clock Pulse Width LOW 


V DD = Min 


20 




20 




ns 


t PWH Clock Pulse Width HIGH 


V DD = Min 


20 




20 




ns 


t5 Input Setup Time 




15 




20 




ns 


t5(5|) Input Setup Time, S^-g, FT-| = HIGH 


25 




28 




ns 


n } = LOW 




18 




20 




ns 


t H Input Hold Time 




2 




3 




ns 


t H(SI) ' n P ut Hold Time, SI21 —6 


5 




5 




ns 


tg Output Delay 


V DD = Min, C L0AD = 40pF 




30 




30 


ns 


tpQ Output Delay, Cascaded 


V DD = Min, C L0AD = lOpF 




20 




20 


ns 


t|_jQ Output Hold Time 


v DD = Max, Clqad = ^ 


5 




5 




ns 


*ENA Three -State Output, Enable Delay 1 


V DD = Min, C L0AD = 40pF 




20 




25 


ns 


tgis Three-State Output, Disable Delay 1 


v DD = Min, c LO ad = 4 °p f 




15 




20 


ns 



Note: 

1. All transitions are measured at a 1.5V level except for trj|$ and tj:^. 
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Application Discussion 

Loading and Updating of Coefficients 

Because of the TMC2243's internal architecture, its impulse 
response is C3, C2, C-|, where C3 is the rightmost coefficient 
and C-j is the leftmost. However, for glitchless performance, 
coefficients must be updated from left to right: C1 then C2 
then C3. 

For example, consider an adaptive filter whose first set of 
coefficients is Aj, second set is Bj and third set is Cj (Figure 
4). First, the TMC2243 is initialized with Aj. If these are loaded 
in numerical (left to right) sequence, two of the first three 
data points can be loaded with them, as shown in Figure 4. 
Immediately after the third coefficient is loaded, the first 
coefficient of the next set can be loaded, if desired, along with 
the third data point. 



Table 1. Impulse Response 



"3-1 


Response 


000 




0 


h 


0 




0 


001 




0 


c 2 


0 






010 


c 3 


0 




(=1 


0 




011 


=3 


0 




C1 






100 


«* 


c 2 


0 


<H 


0 




101 


^3 


h 


0 








110 


<* 


c 2 


<H 


0 






111 


<* 


c 2 


<H 









Notes: 

1. C3 is the rightmost coefficient, is the leftmost. 

2. FT-| is relevant only if SUMIN is used. When multiple chips are 
cascaded, FT-j = LOW places a zero stage between their concatenated 
impulse responses. 



Building Longer Filters 

To build a filter of more than three non-zero stages, merely 
concatenate a series of TMC2243s. The coefficient inputs may 
be connected to the data bus, a separate common coefficient 
bus, or separate buses, depending on system architecture, 
memory and bus resources, and coefficient updating 
requirements. The data inputs are connected to a common bus. 
If the first feedthrough register is used (and a zero stage is 
not desired there), an external register should be inserted in 
the data input path for proper timing (Figure 9). 

The 16 -bit Sum -Out port of each TMC2243 is connected to 
the Sum -In port of the next TMC2243 in the chain; the filter 
output is the Sum -Out port of the last TMC2243. Since the 
6 LSBs of each TMC2243's accumulation pipeline are not 



output, each TMC2243 incorporates a rounding increment of 1 
into the sixth bit, to minimize bias. 

When TMC2243s are cascaded in this fashion, the minimum 
permissible clock period is the sum of the output delay and 
the Sum -In port's input setup time. When the Input Registers 
are enabled (that is, FT1 = LOW), full 20MHz performance can 
be obtained. 

All data and coefficient inputs and outputs are two's 
complement representation, whose relative scaling is presented 
in the Data Formats table, Figure 1. Although the data values 
are shown in fractional format, the user can arbitrarily rescale 
them, as long as consistency is maintained. 



Figure 9. Basic Diagram for Stacking the TMC2243 for High-Speed Operation 
(no zero tap desired between each TMC2243, all FTj = LOW) 
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Ordering Information 



Product 
Number 


Temperature Range 


Screening 


Package 


Package 
Marking 


TMC2243G8C 


STD-T A = 0°C to 70°C 


Commercial 


68 Pin Grid Array 


2243G8C 


TMC2243G8V 


EXT-T C =-55°C to 125°C 


MIL-STD-883 


68 Pin Grid Array 


2243G8V 


TMC2243H8C 


STD-T A = 0°C to 70°C 


Commercial 


69 Pin Plastic Pin Grid Array 


2243H8C 



40G02174 Rev D 8/93 
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Description 

The TMC2246 is a video speed The TMC2246 is a video 
speed convolution^ array composed of four 1 1 x 10 bit 
registered multipliers followed by a summer and an 
accumulator. All eight multiplier inputs are accessible to 
the user and may be updated every clock cycle with 
integer or fractional two's complement data. A pipelined 
architecture, fully registered input and output ports, and 
asynchronous three-state output enable control simplify 
the design of complex systems. 

The data or coefficient inputs to the multipliers may be 
held over multiple clock cycles, providing storage for 
mixing and filtering coefficients. The 25-bit accumulator 
path of the TMC2246 allows two bits of cumulative word 
growth which may be internally rounded to 16 bits. 
Output data are updated very 25 ns clock cycle, and 
may be held under user control. All data inputs, outputs, 
and controls are TTL compatible and are registered on 
the rising edge of clock, except the three-state output 
enable. 

The TMC2246 is uniquely suited to performing pixel 
interpolation in image manipulation and filtering 
applications. As a companion to the Raytheon 
Semiconductor TMC2301 Image Resampling 
Sequencer, the TMC2246 Image Filter can execute a 
bilinear interpolation of an image (4-pixel kernels) at 
real-time video rates. Larger kernels or other more 
complex functions can be realized with no loss in 
performance by utilizing multiple devices. 

With unrestricted access to all data and coefficient input 
ports, the TMC2246 offers considerable flexibility in 
applications performing digital filtering, adaptive FIR 
filters, mixers, and other similar systems requiring high- 
speed processing. 



Fabricated using Raytheon Semiconductor's proprietary 
OMICRON-Ctm one-micron CMOS process, the 
TMC2246 operates at a guaranteed clock rate of 40 
MHz over the full temperature and supply voltage 
ranges, and is available in a 120-pin plastic pin grid 
array. 

Features 

♦ 40 MHz data and coefficient input and computation 
rate 

♦ Four 1 1 x 1 0 bit multipliers with individual data and 
coefficient inputs and 25-bit accumulator 

♦ User-selectable fractional or integer two's 
complement data formats 

♦ Input and output data latches, with user- 
configurable enables 

♦ User-selectable 1 6-bit rounded output 

♦ Internal 1/2 LSB rounding 

♦ Fully registered, pipelined architecture 

♦ Low power consumption CMOS process 

♦ Single +5V supply 

♦ Available in 120-pin plastic grid array 

Applications 

♦ Fast pixel interpolation 

♦ Fast image manipulation 

♦ Image mixing and keying 

♦ High-performance FIR filters 

♦ Adaptive digital filters 

♦ One and two dimensional image processing 
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Functional Block Diagram 

D1 0-9 C1 0-10 ENB1 D2 0-9 C2„_ lfl ENB2 D3 fl _g C3 0 _ 10 ENB3 D4o_g C4q_ 10 ENB4 
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Functional Description 
General Information 

The TMC2246 Image Filter is a flexible multiplier- 
summer array which computes the accumulated sum of 
four 11 x 10 bit products, allowing word growth up to 25 
bits. The inputs are user-configurable, allowing latching of 
either the 10 or 11 -bit input data. The data format is 
user-selectable between integer or fractional two's 
complement arithmetic. Total latency from input registers 
to output data port is five clocks. The output data path 
is 16 bits wide, providing the lower 16 bits of the 
accumulator when in integer format or the upper 16 bits 
of the 25-bit accumulator path when fractional two's 
complement notation is selected. One-time rounding to 
16 bits is performed when accumulating fractional data, 
which is disabled when operating in integer format to 
maintain the integrity of the least-significant bits. 



Signal Definitions 



Power 

Vqd, gnd 

Clock 

CLK 



Inputs 

D1g-0- 
D4g- 0 



The TMC2246 operates from a single +5V 
supply. All pins must be connected. 



The TMC2246 operates from a single 
master clock input. The rising edge of clock 
strobes all enabled registers. All timing 
specifications are referenced to the rising 
edge of clock. 



D1 through D4 are the 10-bit data input 
ports. The LSB is Dxg. See Figure 7. 
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Inputs (cont.) 

c1 10-0 _ C1 through C4 are the 11 -bit coefficient 



Figure 2. Input Register Control 



C4 10-0 
Outputs 

s 15-0 

Controls 

FSEL 



ENSEL 



ENB1- 
ENB4 



input ports. The LSB is Cxg. See Figure 7. 



The current 16-bit result is available at the 
Sum output. The LSB is Sg. See Figure 1. 



Data input during the current clock is 
assumed to be in fractional two's comple- 
ment format, rounding to 16 bits is per- 
formed as determined by the accumu- 
lator control ACC, and the upper 16 bits of 
the accumulator are output when the 
registered Format Select input is LOW. 
When FSEL is HIGH, two's complement 
integer format is assumed, and the lower 
16 bits of the accumulator are presented at 
the output. No rounding is performed when 
operating in integer mode. See Figure 1 
and the Applications Discussion. 

The registered Enable Select determines 
whether the data or the coefficient input 
registers may be held on the next rising 
edge of clock, in conjunction with the 
individual input enables ENB1-ENB4. See 
Figure 2. 

When ENBi (i = 1, 2, 3, or 4) is LOW, 
registers Ci and Di are both strobed by the 
next rising edge of CLK. When ENBi is 
HIGH and ENSEL is LOW, Di is strobed, but 
Ci is held. When ENBi and ENSEL are both 
HIGH, Di is held and Ci is strobed. See 
Figure 2. Thus, either or both input 
registers to each multiplier are updated on 
each clock cycle. 



ENB1-4 


ENSEL 


Input Register Held 


1 


1 


Data i 


1 


0 


Coefficient i 


0 


X 


None 



Where X denotes a "Don't Care" condition. Any register 
not explicitly held is updated on the next rising edge of 
clock. 

ACC When the registered Accumulator control is 

LOW, no internal accumulation will be 
performed on the data input during the 
current clock, effectively clearing the prior 
accumulated sum. If operating in fractional 
two's complement format (FSEL=L0W), 
one-half LSB rounding to 16 bits is 
performed on the result. This allows the 
user to perform summations without 
propagating roundoff errors. When ACC is 
HIGH, the internal accumulator adds the 
emerging product to the sum of previous 
products, without performing additional 
rounding. 

OCEN The output of the accumulator is latched 
into the output register on the next clock 
when the reg istered Clock Enable is LOW. 
When OCEN is HIGH the contents of the 
output register remain unchanged, however 
accumulation will continue internally if ACC 
remains HIGH. 

OEN Data currently in the output registers is 

available at the output bus S-|5_g when 
the as ynchr onous Output Enable is LOW. 
When OEN is HIGH, the outputs are in the 
high-impedance state. 



For More Information call 1-800-722-7074. 
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Figure 1. Data Formats 

Fractional Two's Complement Format (FSEL = L0W) 



15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 


0 














-2° 


.2-1 


2 -2 


2-3 


2-4 


2-5 


2-6 


2-7 


2-8 


2-9 












-21 


2° 


.2-1 


2-2 


2 -3 


2 -4 


2-5 


2-6 


2 -7 


2-8 


2-9 


_ 2 6 


25 


2* 


2 3 


22 


21 


2° 


.2-1 


2-2 


2-3 


2-4 


2-5 


2 -6 


2-7 


2-8 


2-9 


Integer Two's Complement Format (FSEL = 


-HIGH) 




























-2» 


2 8 


2> 


2 6 


25 


2« 


23 


22 


21 


2» 












_ 2 10 


2» 


2« 


2' 


2 6 


25 


2* 


23 


22 


21 


2 0 


_ 2 15 


2 14 


2 13 


2 12 


2 11 


2 10 


2» 


2 8 


2> 


2 6 


2 5 


2« 


23 


22 


21 


2 0 



BIT 

DATA (D^) 
COEFFICIENT (C^) 
SUM 

DATA (D^_4) 
COEFFICIENT (C^) 
SUM 



Note: A minus sign indicates the sign bit. 



Package Interconnections 



Signal 
Type 


Signal 
Name 


Function 


H5 Package Pins 


L5 Package Pins 


Power 


V DD 


Supply Voltage 


CO LJ 1 1 ~l CO 

r3, H3, L7, Co 


10 01 cn 110 

13, 21, 50, 112 


GND 


Ground 


ro r»o in 1 1111 n-i 

E3, G3, J3, Lb, nil, C7 


f\ n or* Af* in hp 

9, 17, 25, 46, 79, 116 


Clock 


CLK 


System Clock 


C3 


2 


Inputs 


m 9-0 


D1 Input 


Ml, K3, L2, N1, L3, 
M2, N2, L4, M3, N3 


28, 29, 30, 31, 35, 
36, 37, 38, 39, 40 


D2 9 -0 


D2 Input 


J12, K13, J11, K12, L13, 
L12, K11, M13, M12, L1 1 


77, 76, 75, 74, 73, 
72, 71, 70, 69, 68 


D3g_ 0 


D3 Input 


J13, H12, H13, G12, Gil, 
G13, F13, F12, F11, E13 


78, 80, 81, 82, 83, 
84, 85, 86, 87, 88 


D4 9-0 


D4 Input 


B4, C5, A4, B5, A5, 
C6, B6, A6, A7, B7 


125, 124, 123, 122, 121, 
120, 119, 118, 117, 115 


C1 10-0 


C1 Input 


M4, L5, N4, M5, N5, M6, 
N6, M7, N7, N8, M8 


41, 42, 43, 44, 45, 47, 
48, 49, 51, 52, 53 


C2 10-0 


C2 Input 


N13, M11, L10, N12, Nil, 
M10, L9, N10, M9, N9, L8 


64, 63, 62, 61, 60, 59, 
58, 57, 56, 55, 54 


C3 10-0 


C3 Input 


E12, D13, Ell, D12, C13, B13, 
D11, C12, A13, C11, B12 


89, 90, 91, 92, 93, 94, 
95, 96, 97, 101, 102 


C4 10 -0 


C4 Input 


A8, B8, A9, B9, A10, C9, 
B10, All, B11, C10, A12 


114, 113, 111, 110, 109, 108, 
107, 106, 105, 104, 103 


Outputs 


S 15-0 


Sum Output 


CI, D2, D1, E2, E1, F2, F1, G2, 
G1, H1, H2, J1, J2, K1, K2, L1 


7, 8, 10, 11, 12, 14, 15, 16, 18, 
19, 20, 22, 23, 24, 26, 27 


Controls 


FSEL 


Format Select 


B2 


3 


ENSEL 


Enable Select 


A1 


130 


ENB1-ENB4 


Input Enables 


C4, A2, A3, B3 


128, 127, 126, 129 


ACC 


Accumulate 


B1 


4 


OCEN 


Output Register Enable 


D3 


5 


OEN 


Output Enable 


C2 


6 


No Connect 




Not Connected 


D4 (Index Pin) 


1, 32, 33, 34, 65, 66, 67, 
98, 99, 100, 131, 132 
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Figure 3. Timing Diagram 



TMC2246 



CLK 









-H 1- 






5K" 


>ow<» 




III 









%-0 2 



l_l L 



*H0 



SB 



Notes: 1. Except OEN. 

2. Assumes "OEN = LOW. 



Figure 4. Equivalent Input Circuit 



V DD 
Q 



n SUBSTRATE 

P+ 



CONTROL „ 
INPUT 



p WELL 



1KQ 



p WELL 



GND 



Figure 5. Equivalent Output Circuit 
> 



v D d 

Q 



n SUBSTRATE 

p+ 



-s-GND 



-O OUTPUT 



p WELL 



Figure 6. Threshold Levels for Three-State Measurement 



OEN 



l DIS 



THREE-STATE 
OUTPUTS 
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Absolute maximum ratings (beyond which the device may be damaged) 



Supply Voltage -0.5 to +7.0V 

Input Voltage -0.5 to (V DD + 0.5)V 

Output 

Applied voltage 2 -0.5 to (V DD + 0.5)V 

Forced current 3 - 4 -6.0 to 6.0mA 

Short-circuit duration (single output in HIGH state to ground) 1 Second 

Temperature 

Operating, case -60 to +130°C 

junction 175°C 

Lead, soldering (10 seconds) 300°C 

Storage -65 to +150°C 



Notes: 1 . Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 

Operating conditions 









Temperature Range 










Standard 


Extended 




Parameter 


Test Conditions 


Min 


Norn 


Max 


Min 


Norn 


Max 


Units 




Supply Voltage 




4.75 


5.0 


5.25 


4.5 


5.0 


5.5 


V 


V|L 


Input Voltage, Logic LOW 








0.8 






0.8 


V 


V| H 


Input Voltage, Logic HIGH 




2.0 






2.0 






V 


lOL 


Output Current, Logic LOW 








4.0 






4.0 


mA 


'oh 


Output Current, Logic HIGH 








-2.0 






-2.0 


mA 




Cycle Time 


Vrjrj = Min 
TMC2246 


33 












ns 






TMC2246-1 


25 












ns 


tpWL 


Clock Pulse Width, LOW 


V DD = Min 
TMC2246 


15 












ns 






TMC2246-1 


10 












ns 


tpWH 


Clock Pulse Width, HIGH 


Vrjrj = Min 


10 












ns 


ts 


Input Setup Time 


TMC2246 


10 












ns 






TMC2246-1 


8 












ns 




Input Hold Time 




2 












ns 


t A 


Ambient Temperature, Still Air 




0 




70 








°C 




Case Temperature 










-55 




125 


°C 
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Electrical characteristics within specified operating conditions 1 







Temperature Range 








Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


'DDQ Supply Current, Quiescent 


VDD = Max, V|N = 0V 




6 






mA 


IqqU Supply Current, Unloaded 


V DD = Max,0EN = 5V, f=30MHz 




100 






mA 


l||_ Input Current, Logic LOW 


V DD = Max, V, N = 0V 


-10 




-10 




iik 


l|H Input Current, Logic HIGH 


V DD = Max, V )N = V DD 




10 




10 


lih 


V 0L Output Voltage, Logic LOW 


VQQ = Min, lQL = Max 




0.4 




0.4 


V 


Vqh Output Voltage, Logic HIGH 


VrjQ = Min, lQ^ = Max 


2.4 




2.4 




V 


'OZL H'~ z 0 ut P ut Leakage Current, Output LOW 


V DD = Max, V, N = 0V 


-40 




-40 




lik 


IgZH Hi-Z Output Leakage Current, Output HIGH 


V DD = Max, V| N = V DD 




40 




40 


iik 


IqS Short-Circuit Output 


VQQ = Max, Output HIGH, one pin to 
ground, one second duration max. 




60 




60 


mA 


C| Input Capacitance 


T A =25°C, f=1MHz 




10 




10 


PF 


Cg Output Capacitance 


T A =25°C, f=1MHz 




10 




10 


PF 



Note: 1 . Actual test conditions may vary from those shown, but operation is guaranteed as specified. 



Switching characteristics within specified operating conditions 







Temperature Range 








Standard 


Extended 2 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


tQ Output Delay 


V DD = Min, C L0AD = 25pF 
TMC2246 




15 






ns 




TMC2246-1 




13 






ns 


tug Output Hold Time 


V DD = Max, C L0AD = 25pF 


5 








ns 


l ENA Three-State Output Enable Delay 1 


V DD = Min, C L0 AD = 25 PF 




15 






ns 


trj|5 Three-State Output Disable Delay 1 


V DD = Min, C L0AD = 25pF 




20 






ns 



Notes: 1. All transitions are measured at a 1.5V level except for tgjg and t^^. 
2. Consult factory for extended temperature specifications. 
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Applications Discussion 

Demonstration of Operation 

The versatile input clock enables and unrestricted data 
and coefficient inputs provided on the TMC2246 allow 
considerable flexibility in numerous image and signal 
processing architectures. Figure 7 shows a typical 
sequence of operations which clarifies the inherent clock 
latencies of the device and illustrates fixed coefficient 



storage, product accumulation, and device reconfigura- 
tion prior to beginning a new accumulation. This 
assumes that the device is set to fract ional t wos 
complement mode (FSEL=L0W), with 0CEN = L0W, 
0EN = L0W, and the input registers configured to hold 
coefficients only (ENSEL=L0W). X= "don't care." 



Figure 7. Typical TMC2246 Operation Sequence 



CLK 


D1 


C1 


ENB] 


D2 


C2 


ENB 2 


D3 


C3 


ENB 3 


04 


C4 


ENB 4 


ACC 


Sum 


0 






0 






0 






0 






0 






1 


Did) 


C1(1) 


1 


D2(1) 


C2(1) 


1 


D3(1) 


C3(1) 


1 


D4(1) 


C4(1) 


1 


0 




2 


D1(2) 


X 


0 


D2(2) 


X 


0 


D3(2) 


X 


1 


D4(2) 


X 


1 


1 




3 


D1<3) 


CI (3) 


0 


D2(3) 


C2(3) 


0 


D3(3) 


X 


0 


D4(3) 


X 


0 


1 




4 


D1(4) 


C1(4) 




D2(4) 


C2(4) 




D3(4) 


C3(4) 




D4(4) 


C4(4) 




0 




5 




























S(5) = D1(1)C1(1) + D2(1)C2(1) 

+ D3(1)C3(1) + D4(1)C4(1) + 2- 10 


6 




























S(6) = S(5) + D1 (2)C1 (1) + D2(2)C2{1) 
+ D3(2)C3(1) + D4(2)C4(1) 


7 
8 




























S(7) = S(6) + D1(3)C1(3) + D2(3)C2(3) 
+ D3(3)C3(1) + D4(3)C4(1) 

S(8) = D1(4)C1(4) + D2(4)C2(4) 

+ D3(4)C3(4) + D4(4)C4(4) + 2- 10 



Notice in this example, operating in fractional two's cycle only of an accumulation. This avoids the propaga- 

complement mode, that rounding is imposed on the first tion of accumulated roundoff errors. 



Using the TMC2246 for Pixel Interpolation 

As a companion product to the TMC2301 Image 
Resampling Sequencer, the TMC2246 offers an excellent 
tool for performing high-speed pixel interpolation and 
image filtering. Any pixel resampling operation with 
multiple-pixel kernels must utilize some parallel- 
processing technique, such as memory banding, in order 
to maintain high-speed image throughput rates. Memory 
Banding utilizes adders to generate parallel offset 
addresses, allowing the user to access multiple pixel 



locations simultaneously. Using such techniques, one 
TMC2246 can perform bilinear interpolation (four-pixel 
kernel) with no loss in system performance. Larger 
kernels can be realized in similar systems with additional 
TMC2246s. See TRW Application Brief AB-4, 
"Performing Bilinear Interpolation Using the 
TMC2301". Figure 8 illustrates a basic pixel inter- 
polation application. 
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Figure 8. Bilinear Interpolation Using the TMC2246 
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ADDR 
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ADDR 
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D 0UT 
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ADC 
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IRESS 
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IERS 


H 


M 
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COEFFICIENT 
ROM 
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Si 
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TMC2246 Applications in Digital Filtering 

Unrestricted access to all input ports of the TMC2246 
allows the user considerable flexibility in realizing 
numerous digital filter architectures. Figure 9 illustrates 
how the device may be utilized as a flexible high-speed 
FIR Filter with the ability to modify all of the filter 
coefficients dynamically or to store a fixed set if desired 



Figure 9. Utilization of the TMC2246 for FIR Filtering 
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COEFF 
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FILTER OUTPUT 



Pin Assignments - 120 Pin Plastic Pin Grid Array, H5 Package 



Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


C3 


CLK 


G3 


GND 


L3 


D1 5 


L7 


v D d 


L11 


D2 0 


G11 


D3 5 


C11 


'C3-| 


C7 


GND 


B2 


FSEL 


G1 


s 7 


M2 


D1 4 


N7 


C1 2 


M12 


D2i 


G13 


D3 4 


B12 


C3 0 


A7 


D4j 


B1 


ACC 


H1 


s 6 


N2 


D1 3 


N8 


Cll 


M13 


D2 2 


F13 


D3 3 


A12 


C4 0 


A6 


D4 2 


D3 


OCEN 


H2 


s 5 


L4 


D1 2 


M8 


C1 0 


K11 


D2 3 


F12 


D3 2 


C10 


C4, 


B6 


D4 3 


C2 


OEN 


H3 


v D d 


M3 


D11 


L8 


C2 0 


L12 


D2 4 


F11 


D3t 


B11 


C4 2 


C6 


D4 4 


CI 


Sl5 


J1 


s 4 


N3 


D1„ 


N9 


C2i 


L13 


D2 5 


E13 


D3 0 


A11 


C4 3 


A5 


D4 5 


D2 


S 14 


J2 


s 3 


M4 


ciio 


M9 


C2 2 


K12 


D2 6 


E12 


C3 10 


B10 


C4 4 


B5 


D4 6 


E3 


GND 


K1 


s 2 


L5 


ci 9 


N10 


C2 3 


J11 


D2 7 


D13 


C3 9 


C9 


C4 5 


A4 


D4 7 


D1 


S 13 


J3 


GND 


N4 


CI 8 


L9 


C2 4 


K13 


D2 8 


E11 


C3 8 


A10 


C4 6 


C5 


D4 8 


E2 


S 12 


K2 


Si 


M5 


C1 7 


M10 


C2 5 


J12 


D2 9 


D12 


C3 7 


B9 


C4 7 


B4 


D4 9 


E1 


s n 


LI 


s 0 


N5 


CI 6 


N11 


C2 6 


J13 


D3 9 


C13 


C3 6 


A9 


C4 8 


A3 


ENB3 


F3 


v D d 


M1 


Dig 


L6 


GND 


N12 


C2 7 


H11 


GND 


B13 


C3 5 


C8 


V D D 


A2 


ENB2 


F2 


S 10 


K3 


D1 8 


M6 


CI 5 


L10 


C2 8 


H12 


D3 8 


D11 


C3 4 


B8 


C4 9 


C4 


ENB1 


F1 




L2 


D1 7 


N6 


C1 4 


M11 


C2 9 


H13 


D3 7 


C12 


C3 3 


A8 


C4 10 


B3 


ENB4 


G2 


h 


N1 


D1 6 


M7 


ci 3 


N13 


C210 


G12 


D3 6 


A13 


C3 2 


B7 


D4 0 


A1 


ENSEL 



Longer filters, with more taps, are realized by including 
an external adder (such as the common 74381 type) to 
cascade multiple TMC2246s. Alternatively, two additional 
taps and a cascading adder are available in the TRW 
TMC2249 Digital Mixer. 
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Pin Assignments - 132 Leaded CERQUAD, L5 Package 



Pin 
■ ill 


Mama 
lvalue 


Pin 
r III 


Mama 

lvalue 


Pin 
■ in 


Mama 
IvalllG 


Pin 
r III 


Mama 
lvalue 


Pin 

r III 


Mama 
Ivalllc 


Pin 
r III 


Mama 
IvalHc 


1 


NC 


23 


s 3 


45 


C1 6 


67 


NC 


89 


C3 10 


111 


C4 8 


2 


CLK 


24 


s 2 


46 


GND 


68 


D2 0 


90 


C3g 


112 


v D d 


3 


FSEL 


25 


GND 


47 


ci 5 


69 


D2i 


91 


C3 8 


113 


C4 9 


4 


ACC 


26 


Si 


48 


CI 4 


70 


D2 2 


92 


C3 7 


114 


C410 


5 


OCENB 


27 


s 0 


49 


CI 3 


71 


D2 3 


93 


C3 6 


115 


D4 0 


6 


OENB 


28 


Dig 


50 


v D d 


72 


D2 4 


94 


C3 5 


116 


GND 


7 


% 


29 


D1 8 


51 


C1 2 


73 


D2 5 


95 


C3 4 


117 


D4j 


8 




30 


D1 7 


52 


cii 


74 


D2 6 


96 


C3 3 


118 


D4 2 


9 


GND 


31 


D1 6 


53 


C1 0 


75 


D2 7 


97 


C3 2 


119 


D4 3 


10 


s 13 


32 


NC 


54 


C2 0 


76 


D2 8 


98 


NC 


120 


D4 4 


11 


S 12 


33 


NC 


55 


C2l 


77 


D2g 


99 


NC 


121 


D4 5 


12 




34 


NC 


56 


C2 2 


78 


D3 9 


100 


NC 


122 


D4 6 


13 


Vdd 


35 


01 5 


57 


C2 3 


79 


GND 


101 


C3] 


123 


D4 7 


14 




36 


D1 4 


58 


C2 4 


80 


D3 8 


102 


C3 0 


124 


D4 8 


15 




37 


D1 3 


59 


C2 5 


81 


D3 7 


103 


C4 0 


125 


D4g 


16 




38 


D1 2 


60 


C2 6 


82 


D3 6 


104 


C4i 


126 


EN3B 


17 


GND 


39 


D1, 


61 


C2 7 


83 


D3 5 


105 


C4 2 


127 


EN2B 


18 




40 


D1 0 


62 


C2 8 


84 


D3 4 


106 


C4 3 


128 


EN1B 


19 


h 


41 


ciio 


63 


C2g 


85 


D3 3 


107 


C4 4 


129 


EN4B 


20 


s 5 


42 


CI 9 


64 


C2i 0 


86 


D3 2 


108 


C4 5 


130 


ENSEL 


21 


Vdd 


43 


C1 8 


65 


NC 


87 


D3-J 


109 


C4 6 


131 


NC 


22 


s 4 


44 


C1 7 


66 


NC 


88 


D3 0 


110 


C4 7 


132 


NC 



132 100 




120 Pin Plastic Pin Grid Array - H5 Package 132 Leaded CERQUAD - L5 Package 
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Ordering Information 



Product 


Temperature Range 


Screening 


Package 


Package 


Number 








Marking 


TMC2246H5C 


STD-T A = 0°C to 70°C 


Commercial 


120 Pin Plastic Pin Grid Array 


2246H5C 


TMC2246H5C1 


STD-T A = 0°C to 70°C 


Commercial 


120 Pin Plastic Pin Grid Array 


2246H5C1 


TMC2246L5V 


EXT-T C =-55°C to 125°C 


MIL-STD-883 


132 Leaded CERQUAD 


2246L5V 


TMC2246L5V1 


EXT-T C =-55°C to 125°C 


MIL-STD-883 


132 Leaded CERQUAD 


2246L5V1 



40G06126 RevE8/93 
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TMC2249 

CMOS Digital Mixer 

12x12 Bit, 30 MHz 



Description 

The TMC2249 is a high-speed digital arithmetic circuit 
consisting of two 12-bit multipliers, an adder and a 
cascadeable accumulator. All four multiplier inputs are 
accessible to the user, and each includes a user- 
programmable pipeline delay of up to 1 6 clocks in 
length. The 24-bit adder/subtractor is followed by an 
accumulator and 16-bit input port which allows the user 
to cascade multiple TMC2249S. A new 16-bit 
accumulated output is available every clock, up to the 
maximum rate of 30 MHz. All inputs and outputs are 
registered except the three-state output enable, and all 
are TTL compatible. 

The TMC2249 utilizes a pipelined, bus-oriented structure 
offering significant flexibility. Input register clock enables 
and programmable input data pipeline delays on each 
port offer an adaptable input structure for high-speed 
digital systems. Following the multipliers, the user may 
perform addition or subtraction of either product, 
arithmetic rounding to 16-bits, and accumulation and 
summation of products with a cascading input. The 
output port allows access to all 24 bits of the internal 
accumulator by switching between overlapping least and 
most-significant 16-bit words, and a three-state output 
enable simplifies a connection to an external system 
bus. 

All programmable features are utilized on a clock-by- 
clock basis, with internal data and control pipeline 
registers provided to maintain synchronous operation 
between incoming data and all available functions within 
the device. 

The TMC2249 has numerous applications in digital 
processing algorithms, from executing simple image 
mixing and switching, to performing complex arithmetic 



functions and complex waveform synthesis. FIR filters, 
digital quadrature mixers and modulators, and vector 
arithmetic functions may also be implemented with this 
device. 

Fabricated using a one-micron CMOS process, the 
TMC2249 operates at a guaranteed clock rate of 30 
MHz over the standard commercial temperature and 
supply voltage ranges, and is available in a low-cost 120 
pin plastic pin grid array. 

Features 

♦ 30 MHz input and computation rate 

♦ Two 1 2-bit multipliers with spearate data and 
coefficient inputs 

♦ Independent, user-selectable pipleline delays of 1 to 
16 clocks on all inputs ports 

♦ Separate 1 6-bit input port allows cascading or 
addition of a constant 

♦ User-selectable rounded output 

♦ Internal 1/2 LSB rounding og products 

♦ Fully registered, pipelined architecture 

♦ Low power consumption CMOS process 

♦ Single +5V power supply 

♦ Available in 120-pin plastic grid array 

Applications 

♦ Video switching 

♦ Image mixing 

♦ Digital signal modulation 

♦ Complex frequency synthesis 

♦ Digital filtering 

♦ Complex arithmetic functions 
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Functional Block Diagram 



ADEL3-0 ENA An-© 

! j j .* 



BDEUo ENB B„-o CDEUo ENC Cm, DDEUo END D U -o 

III III III 
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Functional Description 
General Information 

The TMC2249 performs the summation of products 
described by the formula: 

S(N + 6) = A(N-ADEL).B(N-BDEL).(-1 NEG1 ( N >) 

+ C(N - CD EL) • D(N - DDEL) • ( - 1 NEG2(N)j + CAS(N + 3. FT) 

where ADEL through DDEL range from 1 to 16 pipe 
delays. All inputs and controls utilize pipeline delay 
registers to maintain synchronicity with the data input 
during that clock, except when the Cascade data input is 
routed directly to the accumulator by use of the 
Feedthrough control. One-half LSB rounding to 16 bits 
may be performed on the sum of products while 
summing with the cascade input data. The user may 
access either the upper or lower 16 bits of the 24-bit 



accumulator by swapping overlapping registers. The 
output bus has an asynchronous high-impedance enable, 
to simplify interfacing to complex systems. 

Signal Definitions 

Power 

Vqd, GND The TMC2249 operates from a single + 5V 
supply. All power and ground pins must be 
connected. 

Clock 

CLK The TMC2249 operates from a single 

master clock input. The rising edge of clock 
strobes all enabled registers. All timing 
specifications are referenced to the rising 
edge of clock. 
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Inputs 

A 11-0" 
D 1 1-0 



CASi5_Q 

Outputs 

s 15-0 



Controls 

ENA-END 



A through D are the four 12-bit regis- 
tered data input ports. Aq-Dq are the LSBs. 
See Table I Data presented to the input 
ports is clocked in to the top of the 
16-stage delay pipeline on the next clock 
when enabled, "pushing" data down the 
register stack. 

CAS is the 16-bit Cascade data input port. 
CASq is the LSB. See Table I. 



The current 16-bit result is available at the 
Sum output. The LSB is Sg. The output 
may be the most or least significant 16 bits 
of the current accumu lator output, as 
determined by SWAP. Sg is the LSB. See 
Table I. 



Input data presented to port il 1 -0 (i=A, B, 
C, or D) are latched into delay pipeline i, 
and data already in pipeline i advance by 
one register position, on each rising edge 
of CLK for which ENi is LOW. When ENi is 
HIGH, the data in pipeline i do not move 
and the value at the input port i will be 
lost before it reaches the multiplier. 

ADEL through DDEL are the four-bit 
registered input data pipe delay select word 
inputs. Data to be presented to the multi- 
pliers is selected from one of sixteen stages 
in the input data delay pipe registers, as 
indicated by the delay select word 
presented to the respective input port 
during that clock. The minimum delay is 
one clock (select word = 0000), and the 
maximum delay is 16 clocks (select 
word = 1111). Following powerup these 
values are indeterminate and must be 
initialized by the user. 



NEG1, NEG2 The products of the multipliers are negated, 
causing a subtraction to be performed 
during the internal summation of products, 
when the Negate controls are HIGH. NEG1 
negates the product AxB, while NEG2 acts 
on the output of the multiplier which 
generates the product C x D. These controls 



ADEL 3 _ 0 - 
DDEL 3 _ 0 



indicate the operation to be performed on 
data input during the current clock, when 
the length controls ADEL- DDEL are set to 
zero. 

RND When the rounding control is HIGH, the 

sum of products resulting from data input 
during that clock is rounded to 16 bits. 
Rounding is performed only during the 
first cycle of each accumulation sequence, 
to avoid the accumulation of roundoff 
errors. 

FT When the Feedthrough control is HIGH, the 

pipeline delay through the cascade data 
path is minimized to simplify the cascading 
of multiple devices. When FT is LOW and 
ADEL through DDEL are all set to 0, the 
data inputs are aligned, such that 
S(n + 6) = CAS(n) + A(n)B(n) + C(n)D(n). 
See Table 2. 

CASEN Data presented at the cascade data input 
port are latched and a ccumulat ed internally 
when the input enab le CASE N during that 
clock is LOW When CASEN is HIGH, the 
cascade input port is ignored. 

ACC When the registered Accumulator control 

is LOW, no internal accumulation will be 
performed on the data input during the 
current clock, effectively clearing the prior 
accumulated sum. When ACC is HIGH, 
the internal accumulator adds the emerging 
product to the sum of previous products. 

SWAP The user may access both the most and 
least-significant 16 bits of the 24-bit 
accumulator by utilizing SWA P. Norm al 
operation of the device, with SWAP = HIGH, 
outputs the most significant word. Setting 
SWAP = LOW puts a double-register 
structure into "toggle" mode, allowing the 
user to examine the LSW on alternate 
clocks. New output data will not be clocked 
into the output registers until SWAP returns 
HIGH. 

OE Data currently in the output registers is 

available at the output bus Si5_g when the 
asynchronous Output Enable is LOW. When 
OE is HIGH, the outputs are in the high- 
impedance state. 
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Table 1. Data Formats and Bit Weighting 



15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 


0 






2 10 


29 


2 8 




2 6 


25 


2* 


23 


22 


2' 


2° 


_223 


2 22 


2 21 


2 20 


2 19 


2 18 


2 17 


2 16 


2 15 


2 14 


2 13 


2 12 


2 11 


2 10 


2» 


2« 



BIT 

DATA INPUT {An.Q-Dn.0) 
CASCADE INPUT (CAS 15 _ 0 ) 
I (S 15 -n> 



2 15 


2 14 


2 13 


2 12 


2 11 


2 10 


29 


2 8 


i> 


2 6 


25 


2« 


23 


22 


2 1 


2 0 


_ 2 23 


2 22 


2 21 


2 20 


2 19 


2 18 


2" 


2 16 


2 15 


2 14 


2 13 


2 12 


2 11 


2 10 


2 9 


2« 



Note: 1. A minus sign indicates the sign bit. 



Package Interconnections 



Signal 
Type 


Signal 
Name 


Function 


H5 Package Pins 


L5 Package Pins 


Power 


v D d 


Supply Voltage 


F3, H3, L7, C8 


13, 21, 50, 112 


GND 


Ground 


E3, G3, J3, L6, H11, C7 


9, 17, 25, 46, 79, 116 


Clock 


CLK 


System Clock 


C3 


2 


Inputs 


A 11-0 


A Input 


N8, M8, L8, N9, M9, N10, 
L9, M10, N11, N12, L10, M11 


52, 53, 54, 55, 56, 57, 
58, 59, 60, 61, 62, 63 


B 11-0 


B Input 


N7, M7, N6, M6, N5, M5, 
N4, L5, M4, N3, M3, L4 


51, 49, 48, 47, 45, 44, 
43, 42, 41, 40, 39, 38 


C 11-0 


C Input 


A9, B9, A10, C9, B10, All, 

R11 Pm A19 R19 P1 1 A1Q 
DM, UIU, HIZ, DIZ, L»ll, Mlo 


111, 110, 109, 108, 107, 106, 
mA in*? in? 1 m mn 

IUO, IUH, lUO, IUZ, IUI, lUU 


D 11-0 


D Input 


B8, A8, B7, A7, A6, B6, 
C6, A5, B5, A4, C5, B4 


113, 114, 115, 117, 118, 119, 
120, 121, 122, 123, 124, 125 


ADEL 3 _ 0 


A Delay 


L11, M12, M13, K11 


68, 69, 70, 71 


BDEL 3 . 0 


B Delay 


M2, L3, N1, L2 


36, 35, 31, 30 


CDEL 3 _ 0 


C Delay 


D11, B13, C13, D12 


95, 94, 93, 92 


DDEI_3_q 


D Delay 


A2, C4, B3, A1 


127, 128, 129, 130 


CAS 15 . 0 


Cascade Input 


L13, K12, J11, K13, J12, J13, 
H12, H13, G12, Gil, G13, F13, 
F12, F11, E13, E12 


73, 74, 75, 76, 77, 78, 80, 81, 
82, 83, 84, 85, 86, 87, 88, 89 


Outputs 


S 15-0 


Sum Output 


C1, D2, D1, E2, E1, F2, F1, G2, 
G1, H1, H2, J1, J2, K1, K2, L1 


7, 8, 10, 11, 12, 14, 15, 16, 
18, 19, 20, 22, 23, 24, 26, 27 


Controls 


ENA-END 


Input Enables 


N13, N2, C12, A3 


64, 37, 96, 126 


NEG1, NEG2 


Negate 


B1, D3 


4, 5 


RND 


Round 


C2 


6 


FT 


Feedthrough 


E11 


91 


CASEN 


Cascade Enable 


D13 


90 


ACC 


Accumulate 


B2 


3 


SWAP 


Swap Output Words 


K3 


29 


OE 


Output Enable 


M1 


28 


No Connect 


NC 


None 


L12 


1, 32, 33, 34, 65, 66, 67, 
72, 98, 99, 100, 131, 132 




Index Pin 


D4 
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Figure 1. Timing Diagram 
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Notes: 1. Except OE. 

2. Assumes 0E=L0W, and ADEL-DDEL set to 0. 



Figure 2. Equivalent Input Circuit 
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Figure 3. Equivalent Output Circuit 
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Figure 4. Threshold Levels for Three-State Measurement 
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Absolute maximum ratings (beyond which the device may be damaged) 1 



Supply Voltage -0.5 to +7.0V 

Input Voltage -0.5 to (V DD + 0.5)V 

Output 

Applied voltage 2 -0.5 to (V DD + 0.5)V 

Forced current 3 - 4 -6.0 to 6.0mA 

Short-circuit duration (single output in HIGH state to ground) 1 Second 

Temperature 

Operating, case -60 to +130°C 

junction 175°C 

Lead, soldering (10 seconds) 3Q0°C 

Storage -65 to +150°C 

Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 



Operating conditions 









Temperature Range 










Standard 


Extended 1 




Parameter 


Test Conditions 


Min 


Norn 


Max 


Min 


Norn 


Max 


Units 


v D d 


Supply Voltage 




4.75 


5.0 


5.25 


4.5 


5.0 


5.5 


V 


V| L 


Input Voltage, Logic LOW 








0.8 






0.8 


V 


V|H 


Input Voltage, Logic HIGH 




2.0 






2.0 






V 


'OL 


Output Current, Logic LOW 








4.0 






4.0 


mA 


'oh 


Output Current, Logic HIGH 








-2.0 






-2.0 


mA 


l CY 


Cycle Time 


VQQ = Min 
TMC2249 


40 












ns 






TMC2249-1 


33 












ns 


tpWL 


Clock Pulse Width, LOW 


Vrj[) = Min 


15 












ns 


tpWH 


Clock Pulse Width, HIGH 


VrjQ = Min 


10 












ns 


*s 


Input Setup Time 




8 












ns 


*H 


Input Hold Time 




4 












ns 


T A 


Ambient Temperature, Still Air 




0 




70 








°C 




Case Temperature 










-55 




125 


°C 



Note: 1 . Consult factory for extended temperature specifications. 



For More Information call 1-800-722-7074. 



Raytheon Semiconductor 



2-141 



TMC2249 



DC characteristics within specified operating conditions 1 







Temperature Range 








Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


IDDQ Supply Current, Quiescent 


VoD = Max, V|N = 0V 




6 






mA 


Iqqu Supply Current, Unloaded 


V DD = Max, OEN = 5V, f=25MHz 




100 






mA 


Input Current, Logic LOW 


V DD = Max, V, N = 0V 


-10 




-10 






!j H Input Current, Logic HIGH 


Vnn = Max, Vi N = Vnn 




10 




10 




Vq[_ Output Voltage, Logic LOW 


VpQ = Min, lQ|_=Max 




0.4 




0.4 


V 


V 0H Output Voltage, Logic HIGH 


VpQ = Min, lQ^ = Max 


2.4 




2.4 




V 


IqZL Hi-Z Output Leakage Current, Output LOW 


V DD = Max, V, N = 0V 


-40 




-40 




/*A 


IqZH Hi-Z Output Leakage Current, Output HIGH 


V DD = Max, V| N = V DD 




40 




40 


lib 


Iq$ Short-Circuit Output 


VrjQ = Max, Output HIGH, one pin to 
ground, one second duration max. 




60 




60 


mA 


C| Input Capacitance 


T A = 25°C, f=1MHz 




10 




10 


PF 


Cg Output Capacitance 


T A = 25°C, f=1MHz 




10 




10 


PF 



Note: 1. Actual test conditions may vary from those shown, but operation is guaranteed as specified. 



AC characteristics within specified operating conditions 







Temperature Range 








Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


tQ Output Delay 


V DD = Min, C LOAD = 25pF 
TMC2249 




17 






ns 




TMC2249-1 




15 






ns 


t^o Output Hold Time 


V DD = Max, C L0 AD = 25 P F 


5 








ns 


*ENA Three-State Output Enable Delay 1 


V DD = Min, C LOAD = 25pF 




15 






ns 


trjig Three-State Output Disable Delay 1 


V DD = Min, C LOAD = 25pF 




20 






ns 



Note: 1. All transitions are measured at a 1.5V level except for tnj§ and t ENA . 
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Applications Discussion 
Basic Operation 

The TMC2249 is a flexible signal and image processing 
building block with numerous user-selectable functions 
which expand it's usefulness. Table 2 clarifies the 



operation of the device, demonstrating the various 
features available to the user and the timing delays 
incurred. 



Table 2. TMC2249 Operation Sequence 



CLK 


ADEL 


A 11-0 


BDEL 


B 11-0 


CDEL 


C 11-0 


DDEL 


D 11-0 


NEG1 


NEG2 


CAS 15 _ 0 


FT 


ACC 


RND 


SWAP 


S 15-0 


1 


0 


A(1) 


0 


B(1) 


0 


C(1) 


0 


DID 




L 








L 


H 




2 


0 


A(2) 


0 


B(2) 


0 


C(2) 


0 


D(2) 




H 








L 


H 




3 


0 


A(3) 


0 


B(3) 


0 


C(3) 


0 


D(3) 




L 








L 


H 




4 


0 


A(4) 


0 


B(4) 


0 


C(4) 


0 


D(4) 




L 


CAS(4) 






L 


H 




5 


0 


A(5) 


0 


B(5) 


0 


C(5) 


0 


D(5) 




L 








L 


H 




6 


0 


A(6) 


0 


B(6) 


0 


C(6) 


0 


D(6) 




L 








H 


H 


(A(1).B(1) + C(1).D(1)) ms 


7 


0 


A(7) 


0 


B(7) 


0 


C(7) 


0 


D(7) 




L 








H 


H 


(A(2).B(2)-C(2).D(2)) ms 


8 


0 


A{8) 


0 


B(8) 


0 


C(8) 


0 


D(8) 




L 


CAS(8) 


H 




L 


L 


(-A(3).B(3) + C(3).D(3)) ms 


9 


0 


A(9) 


0 


B(9) 


0 


C(9) 


0 


D(9) 




L 




L 




L 


H 


(A(4).B(4) + C(4).D(4) + CAS(4)) ms 


10 
































(A(5).B(5) + C(5).D(5) + CAS(8)) ms 


11 
































(A(6).B(6) + C(6).D(6) + 2 7 ) ms 


12 
































(A(7).B(7) + C(7).D(7) + S(11)) ms 


13 
































(S(12)), s 


14 
































(A(9).B(8) + C(7).D(6)) ms 



Where H = HIGH, L=L0W. "ms" indicates most indicates that port not enabled. Note that the output 

significant output word (bits 23-8), "Is" indicates least data summation including A(8)-D(8) is lost, since the 

significant word (bits 15-0). The appropriates enables output on cycle 13 is swapped to the LSW of S(12) on 

for the indicated data are assumed, otherwise '-' cycle 8. 



Digital Filtering 

The input structure of the TMC2249 demonstrates great 
versatility when all four multiplier inputs and the pro- 
grammable delay registers are utilized. Tables 3 and 4 
demonstrate how a direct-form symmetric FIR filter of 
up to 32 taps can be implemented. By utilizing the four 
input delay registers as pipelined storage banks, the user 
can store up to 32 coefficient-data word pairs, split into 
alternate "even" and "odd" halves. Two taps of the 
filter are calculated on each clock, and the user then 
increments/decrements the delay words (ADEL- DDEL). 
The sums of products are successively added to the 
global sum in the internal accumulator. Once all of the 



products of the desired taps have been summed, the 
resultant is available at the output. The user then 
"pushes" a new time-data sample on to the appropriate 
even or odd data register "stack" and reiterates the 
summation. Note that the coefficient bank "pointers", 
the BDEL and DDEL delay words, are alternately 
incremented and decremented on successive filter passes 
to maintain alignment between the incoming data 
samples and their respective coefficients. The effective 
filter speed is calculated by dividing the clock rate by 
one-half the number of taps implemented. 
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Table 3. Using the TMC2249 to Perform FIR Filtering — Initial Data Loading 



Register Position (Hex) 


Even Data 


Odd Data 


Coefficient 


Stnranp 


A 


C 


B 


D 


0 


x(31) 


x(30) 


h(0) 


h(D 


1 


x(29) 


x(28) 


h(2) 


h(3) 


2 


x(27) 


x(26) 


h(4) 


h(5) 


3 


x(25) 


x(24) 


h(6) 


h(7) 


4 


x(23) 


x(22) 


h(8) 


h(9) 


5 


x{21) 


x(20) 


h(10) 


h(11) 


6 


x(19) 


x(18) 


h(12) 


h(13) 


7 


x(17) 


x(16) 


h(14) 


h(15) 


8 


x(15) 


x(14) 


h(15) 


h(14) 


9 


x(13) 


x(12) 


h(13) 


h(12) 


A 


x(11) 


x(10) 


h(11) 


h(10) 


B 


x(9) 


x(8) 


h(9) 


h(8) 


C 


x(7) 


x(6) 


h(7) 


h(6) 


D 


x(5) 


x(4) 


h(5) 


h(4) 


E 


x(3) 


x(2) 


h(3) 


h(2) 


F 


x(1) 


x(0) 


h(D 


h(0) 



Table 4. FIR Filtering - Operation Sequence 





Push 




Push 
























Resultant 


Cycle 


A 


B 


C 


D 


ADEL 


CDEL 


BDEL 


DDEL 


ACC 


ENA 


ENC 


ENB 


END 


Convolution Sum 


Output 


1 










0 


0 


0 


0 


H 


H 


H 


H 


H 


x(31).h(0) + x(30).h(1) 




2 










1 


1 


1 


1 


H 


H 


H 


H 


H 


+ x(29).h(2) + x(28).h(3) 




3 










2 


2 


2 


2 


H 


H 


H 


H 


H 


+ x(27).h(4) + x(26).h(5) 




4 










3 


3 


3 


3 


H 


H 


H 


H 


H 


+ x(25).h(6) + x(24).h(7) 




5 










4 


4 


4 


4 


H 


H 


H 


H 


H 


+ x(23)-h(8) + (22)-h(9) 




6 










5 


5 


5 


5 


H 


H 


H 


H 


H 


+ x(21).h(10) + x(20).h(11) 




7 










6 


6 


6 


6 


H 


H 


H 


H 


H 


+ x(1 9) • h(1 2) + x(1 8) • (1 3) 




8 










7 


7 


7 


7 


H 


H 


H 


H 


H 


+ x(l 7) • h(1 4) + x(1 6) • h(1 5) 




9 










8 


8 


8 


8 


H 


H 


H 


H 


H 


+ x(15).h(15) + (14).h(14) 




10 










9 


9 


9 


9 


H 


H 


H 


H 


H 


+ x(13).h(13) + x(12).h(12) 




11 










A 


A 


A 


A 


H 


H 


H 


H 


H 


+x(11).h(11) + x(10).h(10) 




12 










B 


B 


B 


B 


H 


H 


H 


H 


H 


+ X(9).h(9) + x(8).h(8) 




13 










C 


C 


C 


C 


H 


H 


H 


H 


H 


+ x(7).h(7) + x(6).h(6) 




14 










D 


D 


D 


D 


H 


H 


H 


H 


H 


+ x(5).h(5) + x(4).h(4) 




15 










E 


E 


E 


E 


H 


H 


H 


H 


H 


+x(3).h(3) + x(2).h(2) 




16 






x(32) 




F 


F 


F 


F 


H 


H 


L 


H 


H 


+ x(1).h(1) + x(0).h(0) 




17 










0 


0 


F 


F 


H 


H 


H 


H 


H 


x(31).h(1) + x(32).h(0) 




18 










1 


1 


E 


E 


H 


H 


H 


H 


H 


+ x(29).h(3) + x(30).h(2) 




19 










2 


2 


D 


D 


H 


H 


H 


H 


H 


+ x(27).h(5) + x(28).h(4) 




20 










3 


3 


C 


C 


H 


H 


H 


H 


H 


+ x(25).h(7)+x(26).h(6) 


31 


21 










4 


4 


B 


B 


H 


H 


H 


H 


H 


+ x(23).h(9)+x(24).h(8) 


S = £h(k)x(n-k) 
k = 0 
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Digital Filtering (cont.) 

Alternatively, non-symmetric FIR Filters can be 
implemented using the TMC2249 in a similar fashion. 
Here, a shift register is used to delay the incoming data 
fed to the A input by an amount equal to one-half the 
length of the filter (the length of the A delay register). 
As shown in Figure 5, the data is then sent to the C 
input, thus "stacking" the A and C delay registers to 
create a single N-tap FIR filter. The incremented delay 
words (ADEL-DDEL) for all four inputs are identical. 
Again, the filter throughput is equal to the clock speed 
divided by one-half the number of taps implemented. 



Figure 5. Non-Symmetric 32-Tap FIR Filtering 
Using the TMC2249 



Thus we can perform a complex multiplication in two 
clock cycles. Notice that the user must switch the two 
components of the second input vector between the B 
and D inputs to obtain the second complex summation. 

Calculating a Butterfly 

Taking advantage of the complex multiply which we 
implemented above using the TMC2249, we can expand 
slightly to calculate a Radix-2 Butterfly, the core of the 
Fast Fourier Transform algorithm. To review, the Butterfly 
is calculated as shown in Figure 6. 



Figure 6. Signal Flow Diagram of Radix-2 Butterfly 
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Where 



X = A + B(W|\| r ) 
Y = A-B(W|\| r ), 



FILTER 
OUTPUT 



Complex Arithmetic Functions 



and W|\i r is the complex phase coefficient, or "twiddle 
factor" for the N-point transform, which is: 
W N r = e -j(27r/N) 

= cos(2tt/N) + j(sin|2ir/N)) 
= Re(W) + jlm(W), 



The TMC2249 can also be used to perform complex . A , n , . • 

arithmetic functions. The basic function performed by the w A h Re "? d " ' nd ' Cat ' n9 ^ ^ ' ma9 ' nary ^ 
device, ignoring the delay controls, 

SUM = (±A-B) + (±OD), 
can realize in two steps the familiar summation: 

(P+jR)(S+jT) = (PS-RT) + j(PT+SR) 
(D (2) 

by loading the TMC2249 as follows: 





TMC2249 Inputs 




Step 


A 


B 


c 


D 


NEG1 


NEG2 


Resultant Output 


1 


P 


S 


R 


T 


L 


H 


(PS-RT) 


2 


P 


T 


R 


S 


L 


L 


(PT+SR) 



of the vector. 

Expanding the complex vectors A and B to calculate X 
and Y, we get: 

X = (Re(A) + jlm(A)) + (Re(B)Re(W) - lm(B)lm(W) + j(Re(B)lm(W) + lm(B)Re(W)) 
= (Re(A) + Re(B)Re(W) - lm(B)lm(W)) + j(lm(A) + Re(B)lm(W) + lm(B)Re(W)) 
= Re(X)+jlm(X) 

and, 

Y = (Re(A) + jlm(A)) - (Re(B)Re(W) - lm(B)lm(W) + j(Re(B)lm(W) + lm(B)Re(W)) 
= (Re(A) - Re(B)Re(W) + lm(B)lm(W)) + j(lm(A) - Re(B)lm(W) - lm(B)Re(W)) 
= Re(Y)+jlm(Y) 



where H and L indicate a loaic HIGH and LOW. 
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Calculating a Butterfly (cont.) 

The butterfly is then neatly implemented in four clocks, 
as follows: 





TMC2249 Inputs 




Step 
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Output 
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Re(B) 


Re(W) 
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2 
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lm(W) 
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L 


Re(Y) 


3 
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lm(W) 
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Re(W) 


Im(A) 


L 


L 


lm(X) 


4 


Re(B) 


lm(W) 


lm(B) 


Re(W) 


lm(A) 


H 


H 


lm(Y) 



Notice again that the components of the second vector 
must be switched by the user on the second half of the 
computation, as well as the parts of the vector 
presented to the cascade input. 



Quadrature Modulation 

The TMC2249 can also be used to advantage as a 
digital-domain complex frequency synthesizer, as 
demonstrated in Figure 7. Here, orthogonal sinusoidal 
waveforms are generated digitally by sequentially 
addressing Sine and Cosine ROMS. These quadrature 
phase coefficients can then be multiplied with two input 
signals, such as digitized analog data. The TMC2249 
then adds these products, which could be output directly 
to a high-speed digital-to-analog converter such as the 
TRW TDC1012 for direct waveform synthesis. This 12-bit, 
20MHz DAC is ideally suited to waveform generation, 
featuring extremely low glitch energy for low spurious 
harmonics. 



Figure 7. Direct Quadrature Waveform Synthesizer Using the TMC2249 
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OUTPUT = A x (B x COS(FT) + C x SIN (FT)) 



Pin Assignments - 120 Pin Plastic Pin Grid Array, H5 Package 
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Pin Assignments - 132 Leaded CERQUAD, L5 Package 



Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


1 


NC 


23 


S 3 


45 


B 7 


67 


NC 


89 


CAS 0 


111 


C 11 


2 


CLK 


24 


S 2 


46 


GND 


68 


ADEL3 


90 


CASEN 


112 


Vnn 


3 


ACC 


25 


GND 


47 


Br 

0 


69 


ADEL 2 


91 


FT 


113 


Dii 

1 1 


4 


NEG1 


26 


s 1 


48 


Bq 


70 


ADEL^ 


92 


CDEL 0 


114 


Din 


5 


NEG2 


27 


S 0 


49 


BlO 


71 


ADEL 0 


93 


CDEL-j 


115 


D 9 


6 


RND 


28 


0E 


50 


Vnn 
uu 


72 


NC 


94 


CDELo 

L 


116 


GND 


7 


S 15 


29 


SWAP 


51 


B 11 


73 


CAS 15 


95 


CDEL3 


117 


D 8 


8 


S-J4 


30 


BDEL 0 


52 


A 11 


74 


CAS 14 


96 


ENC 


118 


D 7 


9 


GND 


31 


BDELt 


53 


Am 

IU 


75 


CASiq 


97 


Cn 
u 


119 


Dfi 
0 


10 


Sio 


32 


NC 


54 


Aq 


76 


CAS 10 

\L 


98 


NC 


120 


Dc 

3 


11 


J>12 


33 


NC 


55 
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Ordering Information 



Product 


Temperature Range 


Screening 


Package 


Package 


Number 








Marking 


TMC2249H5C 


STD-T A =0°C to 70°C 


Commercial 


120 Pin Plastic Pin Grid Array 


2249H5C 


TMC2249H5C1 


STD-T A =0°C to 70°C 


Commercial 


120 Pin Plastic Pin Grid Array 


2249H5C1 


TMC2249L5V 


EXT-T C = -55°C to 125°C 


MIL-STD-883 


132 Leaded CERQUAD 


2249L5V 


TMC2249L5V1 


EXT-T C =-55°C to 125°C 


MIL-STD-883 


132 Leaded CERQUAD 


2249L5V1 



40G06125 Rev D 8/93 



2-148 



Raytheon Semiconductor 



For More Information call 1-800-722-7074. 



TMC2255 



TMC2255 

CMOS 3 x 3, 5 x 5 Image Convolver 

8x8 Bits, 12 MHz Data Rate 



Description 

Like the faster TMC2250, the taw cost TMC2255 can 
perform a triple 3x1 matrix-vector multiplication or a 3x3 
convolution. It can also perform a 5x5 convolution with 
bidimensionally symmetrical coefficients. The on-chip 
coefficient memory stores four sets of nine 8-bit two's 
complement coefficients. Two of the TMC2255's five 8- 
bit coefficients, which can be updated during operation. 
The device accepts the unsigned and/or two's 
complement data at 1/3 of the applied clock rate. 

The 3 (3x1) matrix multiply mode supports various 3- 
space numerical operations, such as video standards 
conversion (e.g. YIQ to RGB) or three-dimensional 
perspective transformation. Three input ports accept the 
8-bit two's complement and/or unsigned magnitude data. 
The two remaining input ports can be loaded with 
coefficients and/or device control parameters "on-the- 
fly." In this mode, an output is generated on every clock 
cycle. 

The 3x3 and 5x5 pixel image convolver modes support 
numerous functions, including static filtering and edge 

Logic Symbol 



detection. On every third clock cycle, the TMC2255 
accepts three (3x3 mode) or five (5x5 mode) data 
inputs. In the 5x5 mode, the coefficient kernel must be 
symmetric both horizontally and vertically. Outputs from 
the device are generated on every third clock cycle, 
matching the input pixel data rate, and can be limited 
("clipped") to 8, 9 or 12 bits. 

Fabricated in Raytheon Semiconductor's OMICRON- 
CTM one-micron CMOS process, the TMC2255 will 
operate at clock rates of 0 to 30 MHz over the full 
commercial temperature (0°C to 70°C) and supply 
voltage ranges. 

Features 



8-bit data and coefficient input precision 
Triple 3x1 matrix-vector multiplication mode 
3x3 and 5x5 two dimensional convolution modes 
TTL-compatible I/O with three-state output bus 
Offered in 68-contact plastic chip carrier (PLCC) 
Built-in 8-, 9-, or 12-bit arithmetic limiter 
Two's complement, unsigned, or mixed data 
formats 




\ y z ii ol nATA 
*K r OUTPUTS 



*OE 



CONTROL/ 
INPUTS S CLE 
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Applications 

• RGB To/From YUV/YIQ Color Space Conversion 

• 3x3 Or 5x5 Two Dimensional FIR Filtering 

• Edge Enhancement And General Image Processing 

• Robotics And Image Recognition 

• Electronic Darkroom 

• Desktop Publishing 

Associated Products 

• TMC201 1 Variable Length Shift Register 

• TMC2302 Image Manipulation Sequencer 

Functional Description 

The TMC2255 contains an array of multipliers and adders, 
four 9x8-bit coefficient "pages" and a global control block, 
all of which can be initialized or reconfigured through ports 
D and E when CLE is LOW. Device parameters include 
matrix coefficients, internal device configuration (mode), 
rounding precision, and input/output data formats (two's 
complement, unsigned, or mixed). After the control 

parameters have been loaded, device operation 

commences with the next clock rising edge on which CLE 
returns HIGH. Depending on the mode selected, three or 



five data are input in parallel and proceed through a 
sequence of operations: Input, Preaddition, Multiply- 
Accumulation, Rounding, Limiting and Output (Figures 1-4). 

Input Stage 

Inputs are supplied to ports A through C in all operating 
modes on every third clock cycle, beginning with the clock 
rising edge that contains the most recent CLE LOW to HIGH 
transition. Control and/or coefficient parameters can be 
input through ports D and E during any of the three master 
clock cycles that make up each data cycle. In the 5x5 
convolution mode data enter the device through ports A-E. 
Control and/or coefficients may be updated through ports D 
and E on the remaining two cycles of each clock triplet. 

Input data formats may be unsigned and/or two's 
complement, as identified in the mode select field of 
port E. 

Preaddition 

In and only in 5x5 convolution, the horizontal and vertical 
symmetry of the coefficients permits nine multipliers to do 
the work of 25. To facilitate this, the data input to ports A 
and E are pre-added before multiplication, as are the B and 
D inputs [Figure 4, the 5x5 Block Diagram). 



Figure 1. Structural Block Diagram 
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Coefficient Memory 

The TMC2255 contains enough memory to store four 
"pages" of nine 8-bit two's complement coefficients each. 
When CLE is LOW, a new coefficient is written through 
port E to the page and location address identified on port 
D. On every third clock cycle, the coefficient page to be 
read and used in the immediate 3-cycle computation set is 
selected by CRAo and CRA-| . Of the nine coefficients per 
page, K1, i (i=1 to 3) process the port A (and E) data; K2, i, 
the port B (and D) data; and K3, i, the port C data. 

Multiplication and Accumulation 

The device computes nine products during every three 
clock cycles, accumulating them internally to full precision. 

Rounding 

Accumulated sums of products are rounded before the last 
5 or 6 bits are truncated. Rounding is performed by adding 
"010000" or "100000" to the emerging data stream, 
according to the desired precision of the output results. 
When CLE=0 and D=0XXX1 111, pin Eb sets the chip's 
rounding position, viz: E6=0: add .010000 and use Zq as 



least significant bit; E6=1: add .100000 and use 1\ as least 
significant bit, ignoring Zo. 

Output Limiting 

The device provides programmable output limiting in 
unsigned (UN) and/or two's complement (TC) format and 
for 8, 9, or 12 bits of output precision (including Zo). In 
3(3x1 ) mode, for an RGB to YIQ transformation, the device 
can limit 1\ (Y) to 9 bits unsigned while limiting Z3 (I) and 
Z3 (Q) to 9 bits two's complement. 

Outputs 

Output is through the 12-bit Z port, which provides 1/2 or 1 
LSB precision, relative to the input format. In the 3(3x1 ) 
mode three outputs will appear consecutively at the Z port 
during each triple clock cycle; for data input on clock rising 
edge 0, these results will emerge too after clock rising 
edges 7, 8, and 9. In both convolution modes the results 
are output at 1/3 the device master clock rate, with the 
first point of the impulse response emerging after clock 
rising edge 9. To facilitate connection to a bus, the output 
buffers are enabled and disabled (placed in_high- 
impedance state) by asynchronous control OE. 
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Signal Definitions 
Inputs 

CLK Master chip clock, 0 to 30MHz. All 

operations are referenced to the rising 
edges of CLK. 

DATA INPUTS Of the device's five 8-bit data input ports, 
A, B, and C are used exclusively as data 
inputs, whereas D and E are also used to 
program the device (see description of 
CLE pin). For 5x5 convolution, all five 
ports accept incoming data. In the other 
modes, only Ports A-C accept incoming 
data, leaving D and E dedicated to 
control and coefficient values, which may 
be updated at any time. In all modes, 
data are loaded on every third rising 
edge of CLOCK, beginning on a clock 
rising edge for which CLE makes a 0-to-1 
transition. Bits A7, B7, ... are the two's 
complement sign bits or most significant 
unsigned bits; bits Ao, Bo, . . . are the 
least significant bits (LSBs). 

CLE Active-LOW coefficient and control load 

enable. When CLE is LOW, E becomes 
the input port for the coefficients, and D 
becomes the coefficient write address 
and control port. When CLE is HIGH, all 
coefficients are held unchanged. A LOW 
to HIGH transition at CLE also 
synchronizes the TMC2255, ushering in a 
new data input. 

CRAq, CRAi Coefficient read address. The chip can 
hold four "pages" of nine coefficients 
each. These two pins determine which of 
the four coefficient sets is to be used 
with the data entering during that cycle. 

The timing of coefficient selection by 
CRA is mode dependent. In the 3(3x1 ) 
mode, CRA influences all coefficients 
simultaneously. In the 3x3 and 5x5 
convolution modes, however, CRA 
selects the coefficients for each 
multiplier column individually, i.e., three 
per clock cycle from left to right (Block 
Diagram - 3x3 Mode). CRA should be 
changed only on "data input" clock 



cycles to avoid corrupting 3x3 or 3x(3x1 ) 
work in progress. CRA should not be 
updated during a 5x5 operation whose 
result is needed. 

When updating coefficients on-the-fly 
the user should not set CRAi_o and D5:4 
to the same page, but should read from 
one page while writing to another. 

OE Asynchronous, j3ctive-L0W output 

enable. When OE is LOW, the output 
drivers are enabled. When OE is HIGH, 
they are disabled (high-impedance). 

Outputs 

DATA OUTPUTS Outputs available on the Z Port are 
enabled by OE. 1\ \ is the unsigned 
MSB or two's complement MSB/sign 
bit; 1\ is the integer LSB ("ones' digit"). 
Zo is the 1/2 (fractional) digit. In the 
3(3x1 ) mode (E=XXXXXOXX), a new valid 
result will emerge too after every rising 
edge of CLOCK. In the other modes 
(E=XXXXX1XX), a result emerges after 
every third rising edge of CLOCK. When 
9-bit limiting is used, bits 1\ \ through 1% 
will be identical. 

Operation and Timing 

Before operation, the TMC2255 must be initialized, i.e. 
loaded with coefficients and set to the desired operating 
mode, data format, and rounding precision. The chip is 
programmed via ports D and E, which double as data input 
ports in 5X5 mode. 

Initialization 

Chip Select 

This control is accessed through bit 7 of port D. When CLE 
is LOW, D7 must be LOW to allow the coefficient/control 
information to be updated. If D7 is HIGH when CLE is 
forced LOW, the device will not allow the coefficient or 
control information to be updated, and device execution 
will begin or continue as commanded on the previous LOW 
toHIGH transition of CLE. Holding D7 HIGH (at least when 
CLE is LOW) permits the system to resynchronize the chip 
without changing any coefficients or configuration 
parameters. 
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Coefficient Loading 



When CLE and D7 are LOW, the coefficient values 
presented to port 6 are loaded into the coefficient position 
and page registers selected by port D, as shown below. 



When 


Update From E7-0: 




D7_o = 


Coef 


Page 


0XYY0000 


1, 1 


YY 


0XYY0001 


1, 2 


YY 


r\\/\/\/r\r\ 1 n 

0XYY0010 


1,3 


YY 


0XYY0100 


2,1 


YY 


0XYY0101 


2,2 


YY 


0XYY0110 


2,3 


YY 


0XYY1000 


3,1 


YY 


0XYY1001 


3,2 


YY 


0XYY1010 


3,3 


YY 


0XXX0X11 


Hold all Coefficients 




0XXXX011 


Hold all Coefficients 




0XXX110X 


Hold all Coefficients 




0XXX11X0 


Hold all Coefficients 




0XXX1111 


Control Information 




1XXXXXX 


Hold all Coefficients 





X = Don't Care 



Each of the four "pages" YY comprises a full set of nine 
coefficients (one per filter tap). 



Mode Selection 

When CLE=0 and D=0XXX1 111, pins E2-0 select the chip's 
operating MODE and input data formats, viz: 



When 
E7-0 = 


Mode = 


Data Formats^ 
ABC 


0XXXX000 
0XXXX001 
0XXXX010 
0XXXX011 


3(3x1 )matmpy TCTCTC 
3(3x1 )matmpy UNTCTC 
<Reserved - DO NOT USE> 
3(3x1 )matmpy UN UN UN 


Z1=A*K1,1 + B*K2,1+C*K3,1 
Z2 = A*K1,2 + B*K2,2 + C*K3,2 
Z3 = A*K1,3 + B*K2,3 + C*K3,3 


first of 3 results 
last of 3 results 


0XXXX100 
0XXXX101 


3x3 convolution 
3x3 convolution 


TC TCTC 
UN UN UN 


Z = A1*K1,1 + B1*K2,1+C1*K3,1 
+ A2*K1,2 + B2*K2,2 + C2*K3,2 
+ A3*K1,3 + B3*K2,3 + C3*K3,3 


0XXXX110 
0XXXX111 


5x5 convolution 
5x5 convolution 


TCTCTC 
UN UN UN 



Z = A1*K1,3 + B1*K2,3 + C1*K3,3 + D1*K2,3 + E1*K1,3 
+ A2*K1,2 + B2*K2,2 + C2*K3,2 + D2*K2,2 + E2*K1,2 
+ A3*K1,1 + B3*K2,1 + C3*K3,1 + D3*K2,1 + E3*K1,1 
+ A4*K1,2 + B4*K2,2 + C4*K3,2 + D4*K2,2 + E4*K1,2 
+ A5*K1,3 + B5*K2,3 + C5*K3,3 + D5*K2,3 + E5*K1,3 



1XXXXXXX [Unchanged from previous setting] 

[Coefficients are always 8-bit two's complement] 
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Rounding 

All computuations are rounded internally following the 
final accumulation of products. Rounding position depends 
on the output format. If the user desires outputs with 
1/2 LSB precision (relative to the inputs) then rounding is 
performed into l-\ , just to the right of the LSB of the 
output port, Z[). For 1 LSB precision, rounding is into Zq, 
and the output is on pins 1\ \-\ only. 



When E7-0 = 


Outputs are, 


Rounded at: 


ooxxxxxx 


Zii-Z 0 (12bits) 


Z-1 


01XXXXXX 


Z11-Z1 (11 bits) 


z-o 


1XXXXXXX 


Unchanged from previous setting 





Output Limiting 

When CLE=0 and D=0XXX1 111, pins E5.3 tell the chip to 
which numerical format(s) to limit the emerging results. 
Unsigned (UN), two's complement (TC), and mixed data 
formats of 8, 9, or 12 bits (including Zo) are supported, as 
follows. Limit "Z" applies to 3x3 and 5x5 convolutional 
modes; limits Z1 , Z2, Z3 apply to 3(3x1 ) mode. 



E7-0 = 


Limit Z1 or Z 


Limit Z2 


Limit Z3 


Range 
(RND=0) 


oxoooxxx 


<Limiter Disabled> 






0X001 XXX 


UN9 


UN9 


UN9 


0,255.5 


0X010XXX 


TC12 


TC12 


TC12 


-1024,1023.5 


0X01 1XXX 


UN12 


UN12 


UN12 


0,2047.5 


0X100XXX 


TC9 


TC9 


TC9 


-128,127.5 


0X101XXX 


UN9 


TC9 


TC9 


(mixed) 


0X110XXX 


<Reserved; Do Not Use> 






0X111XXX 


UN8 


UN8 


UN8 


0,127.5 


1XXXXXX 


Unchanged from previous setting 





Prior to output, the limiter (if enabled) tests the leading bits 
of the emerging result. In the unsigned limit modes, if the 
MSB=1, denoting a negative value, the output is forced to 
0; if the MSB=0 but any other bit above the 8, 9 or 12 bit 
output field = 1 , the output is forced to 1 1 1 1 1 1 1 1 1 1 1 . 1 In 
the TC9 limit mode, values above 1 27.5 (00001 111111.1) 
are forced to 00001 1 1 1 1 1 1 .1 and values below -1 28 
become 1111 0000000.0. In the TC1 2 limit mode, 
values above 1023.5 (01 1 1 1 1 1 1 1 1 1 .1 ) are forced to 
01 1 1 1 1 1 1 1 1 1 . 1 , and values below -1 024 become 
10000000000.0. If full LSB rounding (E6=1) is used, output 
bit Zo is ignored, each data format is correspondingly 1 bit 
narrower than shown in the table, and the .5 fractions 
disappear from the range limits. 



Timing 

Result Latency 

Device operating mode affects when valid results will be 
available at the output port 1\ \ ; o. The three results of a 
3x1 triple dot product whose inputs enter on clock rising 
edge 0 will be available too after clock rising edges 
7, 8, and 9. In a 3 x 3 and 5 x 5 convolution, the first 
three impulse response points will emerge after clock 
rising edges 9, 1 2, and 1 5. The last two points of a 
5-point response (5x5 mode) will follow after rising edges 
18 and 21. 

Instructions, Inputs, and Synchronization 

Each rising edge of CLK which bears a CLELOW to HIGH 
transistion resynchronizes the device. If CLE goes from 
LOW to HIGH on clock rising edge N, then the chip will 
resynchronize, starting a new 3-cycle sequence on that 
edge. It will look for incoming data at clock rising edges 
N+3i, where i = 1,2, . . . (Timing Diagrams, Figures 5 
through //). If CLE is brought LOW while an operation is 
already in progress (e.g., to update coefficients), it should 
be brought HIGH only on a regular data input clock cycle 
(N+3i), to avoid corrupting pending results. 

If CLE is LOW, control and/or coefficient information 
entering on a rising edge of CLK will affect all subsequent 
data inputs until the control parameters are again updated. 
Internal pipelining of the controls ensures that "in 
progress" operations on data previously input to the device 
will continue unaffected, as long as CLE is brought HIGH 
only on data input clock edges. 

System Timing 

Because the TMC2255's data throughput rate is 1/3 of its 
incoming clock rate, the user must synchronize the data 
inputs with the chip's control inputs and internal operation. 
Figures 5 through 8 illustrate four ways to use rising 
edges of CLE to align data inputs in the 3(3x1 ) and 3x3 
modes, whereas Figures 9 through //show how to use 
CLE in the 5x5 mode. 
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In Figure 5, the CLE 0 to 1 transition on CLK rising edge 
3("t = 3") initializes the chip. The final configuration and 
coefficient values are loaded through ports D and E at t = 2 
and the first incoming data enter ports A, B, and C on rising 
edge 6. In 3(3x1 ) mode, the three results from the t = 6 
input data emerge after t = 13. 14, and 15. In 3x3 mode, the 
first result from the edge 6 input data appears after edge 
15 and remains until t = 18, when the second result using 



t = 6 inputs (which is the first result using t = 9 inputs) 
emerges. After t = 1 8, the convolution of the t = 6, t = 9, 
and t = 12 inputs, the last output involving the t = 6 input, 
appears. The part operates continuousy, with inputs read 
on every third rising clock edge and a new output available 
too after each rising clock edge (3(3x1 ) mode) or every 
third rising edge (3x3 mode). 



Figure 5. 3(3x1), 3x3 Timing Diagram, Single CLE Rising Edge 
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in Figure 6, CLK rising edges at t = 3, 6, 9, ... resynchronize t = 2, 5, 8 Data input/output timing is unchanged from 

the chip, with configuration or coefficient updates at Figure 4. 



Figure 6. 3xX Modes, Periodic Long CLE Pulses 

- rurnJhjiJijTjiJi^^ 



CLE 
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In Figure 7, CLK rising edges at t = 3, 6, 9, ... again may be changed twice as often, at t = 1, 2, 4, 5 # 7, 8, ... . 

resynchronize the chip, but configuration and coefficients 

Figure 7. 3xX Modes, Periodic Short CLE Pulses 
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In Figure 8, data timing is the same as that of Figure 5. 
However, since CLE is left LOW after the one-cycle 
initialization pulse, instructions and coefficients may be 
updated on every clock cycle, or three times per data input. 



Instructions entering between data values, e.g. at t = 4 or 
t = 5, affect the next data value (i.e., that entering at t = 6). 
Instructions entering with a given data value (e.g., t = 6) 
affect the next data input (i.e., at t = 9). 



Figure 8. 3xX Modes, Single CLE Rising Edge 
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In Figure 9, the CLK rising edge at t = 3 synchronizes the until t = 18. The last result using the t = 6 input emerges 

operation. The final configuration and coefficient values after t = 27 and remains until t = 30. The part operates 

are loaded through ports D and E at t = 2 and the first continuously, with data inputs read on every third rising 

incoming data enter ports A through E at t = 6. The first edge of CLK and a new output available too after every 

result using the t = 6 input appears after t = 1 5 and remains third rising edge of CLK. 

Figure 9. 5x5 Convolution, Single CLE Rising Edge 
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In Figure 10, one new coefficient or configuration value 
can be input for every data input, at t = 5, 8, 1 1 



Figure 10. 5x5 Convolution, Periodic Long CLE Pulse 
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In figure 7/, two new coefficients or configuration values 
can be loaded for every incoming data point, at t = 4, 5, 7, 
8,10,11 



Figure 11. 5x5 Convolution, Periodic Short CLE Pulse 
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Power-Up Sequence 

To ensure proper operation, the TMC2255 should receive at 
least two clock rising edges soon after power-up, with CLE 
making a 0-to-1 transition on edge 4, 5, or 6. Otherwise, 
some of the internal multiplexers will power up in 
disallowed states and draw excessive power. 



Data Formats 

Figure 13 summarizes the TMC2255's data and coefficient 
formats for all operating modes. Although integer 
weighting of input data is shown, the binary point may be 
moved anywhere to the left, as long as the binary point of 
the output is moved the same distance. Likewise, the 
coefficient binary point can be moved, as long as the 
output binary point is moved equally or the data input 
binary point is moved in the opposite direction. In all 
coefficients and in all two's complement data, the most 
significant bit carries a negative weighting. 



Figure 13. Data Formats and Bit Alignment 





210 




27 




22 


21 


2 ° . 


2-1 


2-2 




2-6 


Data at Input Ports: 




A7 




A 2 


Al 


A °. 




Coefficients: 








K 7 


K6 # 


K 5 


K 4 




KO 


Internally Accumulated Products: 


P16 




Pl3 




P8 


P? 


P6 # 


P5 


P4 




Po 


Data at Output Port (Round = 0): 


Zll 




Z8 




Z3 


z 2 


Zl # 


zo 








Data at Output Port (Round = 1): 


Zli 




Z8 




Z3 


Z2 


zi # 


(Ignore Zn) 
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In 5x5 mode, CLE should not be left LOW continuously, 
since ports D and E must serve as data inputs on every 
third clock cycle. If CLE is LOW on a data input cycle, the 
chip will interpret the current D and E inputs as both data 
and instructrions/coefficients. 

Figure 12. I/O Timing Diagram 
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Absolute maximum ratings (beyond which the device may be damaged^ 



Supply Voltage -0.5 to +7.0V 

Input Voltage -0.5 to (Vqd + 0.5)V 

Output 

Applied voltage -0.5 to (Vqd + 0-5)V2 

Forced current -6.0 to 6.0mA3,4 

Short-circuit duration 

(single output in HIGH state to ground) 1 sec 

Temperature 

Operating case -60 to +130°C 

junction 175°C 

Lead soldering (10 seconds) 300°C 

Storage -65to150°C 



Notes: 1 . Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating 

conditions. Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 

Operating conditions 







Temperature Range 








Standard 




Parameter 


Min 


Norn 


Max 


Units 


vdd 


Supply Voltage 


4.75 


5.0 


5.25 


V 


V|L 


Input Voltage LOW 






0.8 


V 


V|H 


Input Voltage HIGH 


2.0 






V 


"OL 


Output Current LOW 






4.0 


mA 


lOH 


Output Current HIGH 






-2.0 


mA 


tCY 


Cycle Time 












TMC2255 


33 






ns 




TMC2255-1 


27 






ns 


tPWL 


Clock Pulse Width LOW 












TMC2255 


16 






ns 




TMC2255-1 


14 






ns 


tpwH 


Clock Pulse With HIGH 












TMC2255 


13 






ns 




TMC2255-1 


10 






ns 


ts 


Input Setup Time 












TMC2255 


8 






ns 




TMC2255-1 


6 






ns 


tH 


Input Hold Time 


0 






ns 


tA 


Ambient Temperature 


0 


25 


70 


°C 
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Electrical characteristics within specified operating conditions 



Parameter 


Test Conditions 


Temperature Range 


Units 


Standard 


Min 


Max 


IDDQ Supply Current, Quiesc 


VDD=Max, V||\|=0 


15 


mA 




IDDU Supply Current, No Load 


VoD=Max, tCY=50ns 


100 


mA 




l|L Input Current, LOW 




-10 


MA 




l|H Input Current, HIGH 




10 


ma 




Vol Output Voltage, LOW 




0.4 


V 




VrjH Output Voltage, HIGH 




2.0 




V 


IrjS Short-Circuit Out Current 




-100 


uA 




C| Input Capacitance 




10 


PF 




Cq Output Capacitance 




10 


PF 





Note: Actual test conditions may vary from those shown, but guarantee operation as specified. 



Switching characteristics within specified operating conditions 









Temperature Range 










Standard 




Parameter 




Test Conditions 


Min 


Max 


Units 


to 


Output Delay 


VDD=Min, C|_=25pF 










TMC2255 






22 


ns 




TMC2255-1 






19 


ns 


tHO 


Output Hold 


VDD=Max, C|_=25pF 




6 


ns 


tENA 


Output Enable 


VoD=Min, C[_=25pF 










TMC2255 






18 


ns 




TMC2255-1 






15 


ns 


tDIS 


Output Disable 


VoD=min, CL=25pF 










TMC2255 






21 


ns 




TMC2255-1 






20 


ns 
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Figure 14. Equivalent Input Circuit 
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P+ 



CONTROL 
INPUT 
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D1 



!D2 



_ _GND 
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Figure 15. Equivalent Output Circuit 



V DD 



n SUBSTRATE 

:di 

P+ 



:d2 
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GND 



Figure 16. Transition Levels for Three-State Measurements 



OEXR, OEYP 



— *DIS 



THREE-STATE 
OUTPUTS 



*ENA 



0.5V 



HIGH IMPEDANCE 



3 C 



2.0V 
0.8V 



10.5V 



Package Interconnections 



Signal 


Signal 






Type 


Name 


Function 


R1 Package 


Power 


VDD 


Supply Voltage (+5) 


2,10,17,53 




GND 


Ground 


1,9,18,26,35,52 


Clock 


CLK 


System Clock 


8 


Control 


CLE 


Coefficient Load Enable 


6 




OE 


Output Enable 


7 




CRA1-0 


Coefficient Read Address 


62,63 


Inputs 


A7-0 


Data Input Port A 


64,65,66,67,68,3,4, 5 




B7-0 


Data B 


54,55,56,57,58,59,60,61 




C7-0 


Data C 


44,45,46,47,48,49,50,51 




D7-0 


Control/Data D 


36,37,38,39,40,41,42,43 




E7-0 


Coefficient/Data E 


27,28,29,30,31,32,33,34 


Outputs 


Z11-0 


Data Outputs 


1 1 ,1 2,1 4,1 5,1 6,1 9,20,21 ,22,23,24,25 
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Pin Assignments - 68-Lead Plastic Chip Carrier - R1 Package 



Din 

rlfl 


Name 


Din 

rin 


Name 


Din 

rlfl 


Name 


Din 

rlfl 


Name 


1 


GND 


18 


GND 


35 


GND 


52 


GND 


2 


vdd 


19 


Z6 


36 


D7 


53 


vdd 


3 


A 2 


20 


Z5 


37 


D 6 


54 


B7 


4 


Al 


21 


Z4 


38 


D5 


55 


Be 


5 


AO 


22 


z 3 


39 


D 4 


56 


B5 


6 


CLE 


23 


Z2 


40 


D3 


57 


B 4 


7 


OE 


24 


Z1 


41 


D 2 


58 


B3 


8 


CLK 


25 


zo 


42 


D1 


59 


B2 


9 


GND 


26 


GND 


43 


DO 


60 


B1 


10 


vdd 


27 


E7 


44 


C7 


61 


BO 


11 


Z11 


28 


E 6 


45 


C6 


62 


CRAi 


12 


Z10 


29 


E 5 


46 


c 5 


63 


CRAo 


13 


GND 


30 


E4 


47 


c 4 


64 


A7 


14 


Z9 


31 


E3 


48 


C3 


65 


A6 


15 


Z8 


32 


E2 


49 


C2 


66 


A5 


16 


Z7 


33 


El 


50 


C1 


67 


A 4 


17 


vdd 


34 


EO 


51 


CO 


68 


A3 



T— CM CO 1 



I CO CO CO CD 00 I 



i n * 10 <o i 



l>CDOOOOOOOO 




GND 9[ 



o t- cm n t m i 



Ordering Information 



Product 


Data 


Temperature Range 


Screening 


Package 


Package 


Number 


Rate MHz 






Marking 


TMC2255R1C 


10 


STD-TA = 0°Cto70OC 


Commercial 


68 Pin PLCC 


2255R1C 


TMC2255R1C1 


12.5 


STD-TA = 0°Cto70OC 


Commercial 


68 Pin PLCC 


2255R1C1 



40G06713 Rev B 8/93 
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TMC2272 

Digital Colorspace Converter/Corrector 

36-Bit Color (12 Bits x 3 Components) 40 MHz 



Description 

A 40 MHz, three-channel, 36 bit (three 12-bit 
components) colorspace converter and color corrector, 
the TMC2272 uses 9 parallel multipliers to process high- 
resolution imagery in real time. 

The TMC2272 also operates at any slower clock rate 
and with any smaller data path width, allowing it to 
handle all broadcast and consumer camera, frame- 
grabber, encoder/decoder, recorder and monitor 
applications as well as most electronic imaging 
applications. 

The TMC2272's processing ability allows colorspaces to 
be optimized for every input or output device; camera, 
monitor, transmission or storage medium in real time, 
regardless of the signal format required by each stage in 
a system. For instance, a frame buffer may be operated 
in any desired colorspace in an otherwise RGB system 
with the use of two TMC2272s for translation to and from 
the desired frame-buffer colorspace. 



A complete set of three 12-bit samples is processed on 
every clock cycle, with a five-cycle pipeline latency. Full 
23-bit (for each of three components) internal precision 
is provided with 10-bit user-defined coefficients. The 
coefficients may be varied dynamically, with three new 
coefficients loaded every clock cycle. (The full set of 
nine can be replaced in three clock cycles.) Rounding to 
12 bits per component is performed only at the final 
output. This allows full accuracy with correct rounding 
and overflow headroom for applications that require less 
than 12 bits per component. All inputs and outputs are 
registered on the rising edges of the clock. 

The TMC2272 is fabricated in a one-micron CMOS 
process and has fully guaranteed performance over the 
full commercial temperature range of 0 to 70°C, and all 
other operational conditions specified in the Operating 
Conditions table. The TMC2272 is available in a 121- 
pin plastic pin-grid array (PPGA) package in three speed 
grades. 



Logic Symbol 



DATA / 
INPUTS N 



COEFFICIENT 
INPUTS AND j 
WRITE \ 
SELECT 



CLOCK >- 



A (11-0) 



KA 



(9-0) 



CSEL M) > ■/- 



> 



V 



»<M > / D 

/10 
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-N 
V 



000 
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TMC2272 
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Features 

♦ 40 MHz (25 ns) pipelined throughput 

♦ 3 Simultaneous 1 2-bit input and output channels 
(64 Giga [236] colors) 

♦ Two's complement inputs and outputs 

♦ Overflow headroom available in lower resolution 

♦ 1 0-bit user-defined coefficients 

♦ TTL-compatible input and output signals 

♦ Full precision internal calculation 

♦ Output rounding 

♦ On-board coefficient memory 

♦ OMICRON-C™ 1 |x CMOS process 

Applications 

♦ Translation between component color standards 
(RGB, YIQ, YUV, etc.) 

♦ Broadcast composite color encoding and decoding 
(all standards) 

♦ Broadcast composite color standards conversion 
and transcoding 

♦ Camera tube and monitor phosphor colorimetry 
correction 

♦ White balancing and color-temperature conversion 

♦ Image capture, processing and storage 

♦ Color matching between systems, cameras and 
monitors 

♦ Three-dimensional perspective translation 



Associated Products 

♦ TDC1058A/D Converter 

♦ TDC1049/VD Converter 

♦ TMC2242 Interpolator/Decimator 

♦ TMC2230 Rectangular/Polar Converter 

♦ TMC22X9X Digital Video Encoder 

♦ TMC22071 Genlocking Video Digitizer 
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Figure 1. Functional Block Diagram 
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Functional Description 
General Information 

The TMC2272 is a nine-multiplier array with the 
internal bus structure and summing adders needed to 
implement a 3 x 3 matrix multiplier (triple dot product). 
With a 40MHz guaranteed maximum clock rate, this device 
offers video and imaging system designers a single-chip 
solution to numerous common image and signal-processing 
problems. 

The three data input ports (A-| 1 .rj, B-j 1 -fj, Ci \ -fj) accept 
1 2-bit two's complement integer data, which is also the 
format for the output ports (X-j 1 -fj, Yi 1 _rj, and 1\ \ -fj). 
Other format and path width options are discussed in the 
numeric format and overflow section. The coefficient input 
ports (KA, KB, KC) are always 10-bit two's complement 
fractional. Table 2 details the bit weighting. 

Full precision is maintained throughout the TMC2272. 
Each output is accurately rounded to 12 bits from the 
23 bits entering the final adder. 

Signal Definitions 

A(n), B(n), C(n) Indicates the data word presented to 
that input port during the specified 
clock rising edge (n). Applies to input 
ports A11-0, Bn-o,andCii-0. 

KAX(n) thru KCZ(n) Indicates coefficient value stored in 
the specified one of the nine onboard 
coefficient registers KAX through KCZ, 
input during or before the specified 
clock rising edge(n). 

X(n), Y(n), Z(n) Indicates data available at that output 
port too after the specified clock rising 
edge (n). Applies to output ports X-| 1-fj, 
Yii-o,andZn-0- 

The TMC2272 utilizes six input and output ports to realize a 
"triple dot product," in which each output is the sum of all 
three input words in multiplied by the appropriate stored 
coefficients. The three corresponding sums of products are 
available at the outputs five clock cycles after the input 
data are latched, and three new data words rounded to 
1 2-bits are then available every clock cycle. See the 



Applications Discussion regarding encoded video 
standard conversion matrices. 

X(5) = A(1 )KAX(1 ) + B(1 )KBX(1 ) + C(1 )KCX(1 ) 
Y(5) = A(1 )KAY(1 ) + B(1 )KBY(1 ) + C(1 )KCY(1 ) 
Z(5) = A(1 )KAZ(1 ) + B(1 )KBZ(1 ) + C(1 )KCZ(1 ) 

Pin Definitions 

Power 

V DD, GND The TMC2272 operates from a single 
+5V supply. All pins must be connected. 

Control 

CWSELi -o This input selects which three of the 9 

coefficient registers, if any, will be updated 
on the next clock cycle from the KAg.fj, KBg.fj 
and KCg.fj inputs. See Table 4 and the 
Functional Block Diagram. 

Clock 

CLK The TMC2272 operates from a single system 

clock input. All timing specifications are 
referenced to the rising edge of clock. 



Data and Coefficient Inputs 

Ai 1 -0, B-j 1 -o, Ci 1 -0 These are the three 1 2-bit wide data 
input ports. 

KAg-fj, KBg-rj, KCg-fj These are the 10-bit wide coefficient 
input ports. The value at each of 
these three inputs will update one 
coefficient register as selected 
by the coefficient write select 
(CWSELi -o) on the next clock. 
See Table 1 and the Functional 
Block Diagram. 

Outputs 

Xl 1 -0' Yi 1 -0, Z-| 1 -o These are the data outputs. Data 

are available at the 12-bit registered 
Output Ports X, Y, and Z too after 
every clock rising edge. 
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Table 1. Coefficient Loading 



Input KA9-0 


CWSELi f o 


00 


01 


10 


11 


Hold 
All 


Load 
KAX 


Load 
KAY 


Load 
KAZ 


Input KB9-0 


Hold 
All 


Load 
KBX 


Load 
KBY 


Load 
KBZ 


Input KC9-0 


Hold 
All 


Load 
KCX 


Load 
KCY 


Load 
KCZ 



Package Interconnections 



Signal 
Type 


Signal 
Name 


Function 


H5 Package 


Power 


vdd 


Supply Voltage 


F3, H3, L7, C8, C4 




GND 


Ground 


E3, G3,J3,L4, L6,H11,C7, C5, A4, B5 


Clock 


CLK 


Q\/ctom Plrtpk 
OyoLcll! UlUOIx 


D11 


Controls 


CWSEL^o 


Coefficient Write Select 


J12, J13 


Inputs 


A11-O 


Data Input A 


E11,D13,E12,E13, F11,F12, 
F13,G13,G11,G12, H13, H12 




B11-0 


Data Input B 


B10,A11,B11,C10,A12,B12, 
C11,A13,C12,B13,C13,D12 




C]1-0 


Data Input C 


A5,C6,B6,A6,A7,B7, 
A8, B8, A9, B9,A10, C9 




KAg-rj 


Coefficient Input KAX, KAY, 
or KAZ 

(See Pin Definitions and 
Table 1) 


K13, J11,K12, L13, L12, K11, 
M13,M12, L11,N13 




KB9.0 


Coefficient Input KBX, KBY, 
or KBZ 

(See Pin Definitions and 
Table 1) 


M11,L10,N12,N11,M10, L9, 
N10, M9, N9, L8 




KC9-0 


Coefficient Input KCX, KCY, 
or KCZ 

(See Pin Definitions and 
Table 1) 


M8, N8, N7, M7, N6, M6, 
N5, M5, N4, L5 


Outputs 


X11-0 


Output X 


B4, A3, A2, B3,A1,C3, 
B2,B1,D3, C2,C1,D2 




Y11-0 


Output Y 


D1,E2, E1,F2, F1,G2,G1, 
H1,K1,J2,J1,H2 




Z11-0 


Output Z 


M4, N3, M3, N2, M2, L3 
N1,L2,K3,M1,L1,K2 
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Figure 2. Impulse Response 
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Figure 3. Input/Output Timing Diagram 
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Numeric Format and Overflow 

Table 2 shows the binary weightings of the input and 
output ports of the TMC2272. Although the internal sums 
of products could grow to 23-bits, the outputs X, Y, and Z 
are rounded to yield 12-bit integer words. Thus the output 
format is identical to the input data format. Bit weighting 
is easily adjusted by applying the same scaling correction 
factor to both input and output data words. 

As shown in Table 2, the TMC2272's matched input 
and output data formats accommodate OdB (unity) gain. 
Therefore the user must be aware of input conditions 
that could lead to numeric overflow. Maximum input data 
and coefficient word sizes must be taken into account with 
the specific translation performed to ensure that no 
overflow occurs. 

Use with Fewer Than 12 Bits 

The TMC2272 can be configured to provide several format 
and overflow options when used in systems with fewer 
than 12-bits of resolution. An 8-bit system will be used as 
an example, however these concepts apply to any other 
word width. 



The most apparent mode of operation is to left justify 
the incoming data and to ground the unused input LSBs. 
However, the outputs will still be rounded to the least 
significant bit of the TMC2272, having little if any effect 
on the top 8 bits actually used. Because the TMC2272 
carries out all calculations to full precision, the preferred 
mode of operation is to right justify and sign extend the 
data as shown in Figure 4. Since all the LSBs are used, 
the desired output will be rounded correctly, and overflow 
will be accommodated by bits 7 through 10. 

The TMC2272 may also be used in unsigned binary 8-bit 
systems as shown in Figure 5. Bits 1 1 through 8 will 
handle overflow. 

In all applications, a digital zero (ground) should be 
connected to all unused inputs. 



Table 2. Bit Weightings for Input and Output Data Words 



Bit Weights 2« 2™ 2» 28 7} 26 25 2* 23 22 21 20 . 2"1 2-2 2"3 2 * 2"5 2"6 2"7 2"8 2"9 
INPUTS 

All Modes 

DataA,B,C -In ho I9 l8 '7 >6 >5 U »3 >2 h '0 • 

Coefficients -Kg . I<8 K7 K6 K5 K4 K3 K2 K1 Kn 

KA, KB, KC 

Internal Sum -X 20 X 19 X] 8 X 17 Xj 6 X] 5 X U X 13 X 12 Xn Xi 0 Xg . X8 X 7 X 6 X 5 X 4 X 3 X 2 X1 X 0 
OUTPUTS 

X,Y,Z -On OlO 09 0 8 O7 0 6 O5 0 4 0 3 0 2 0i Orj . 

Note: A minus sign indicates a two's complement sign bit. 
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Figure 4. Two's Complement 8-Bit Application 



INPUTS 

( A 11.0' B 11-0 ORC 11.0) 



TMC2272 

BIT WEIGHTINGS 



OUTPUTS 

( X 11-0> Y 11 - 0 0R Z 11 - 0> 



SIGN 
EXTENSION 



MSB (7) 

(6) ■ 

(5) ■ 

(4) ■ 

(3) ■ 

(2) ' 

(1) ■ 

LSB(O) ■ 



MSB (11) 



(10) 



(7) 



(6) 



(5) 



(4) 



(3)_ 

(2)_ 

0)_ 

LSB(O) 



MSB (7) 



NC/ 

OVERFLOW 
(WILL 

ACCUMULATE 
OVERFLOW) 



Figure 5. Binary 8-Bit Application 



INPUTS 

( A 11-0' B 11-0 ORC 11-0) 



TMC2272 

BIT WEIGHTINGS 



GND — 
GND — 
GND - 
GND 





MSB (7) 


(6) 


(6) 


(5) 


(5) 


(4) 


(4) 


(3) 


(3) 


(2) 


(2) 


(1) 


0) 


LSB (0) 


LSB(O) 



24044A 



MSB (11) 



(10) 



LSB(O) 



OUTPUTS 

( X 11-0' Y 11-0 ORZ 11-0) 



NC/OVERFLOW 
(WILL ACCUMULATE 
OVERFLOW TO 
4,095 1Q 



MSB (7) 

(6) 

(5) 

(4) 

(3) 

(2) 

0) 

LSB (0) 

24045A 



Absolute maximum ratings (beyond which the device may be damaged)i 



Supply Voltage ...-0.5 to +7.0V 

Input Voltage -0.5 to (Vdd + 0.5)V 

Output 

Applied voltage -0.5 to (Vdd + 0.5)V2 

Forced current -6.0 to 6.0mA3,4 

Short-circuit duration 

(single output in HIGH state to ground) 1 sec 

Temperature 

Operating case -60 to +130°C 

junction 175°C 

Lead soldering (10 seconds) 300°C 

Storage -65 to 150°C 



Notes: 1 . Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. Functional 
operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 
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Operating conditions 







Temperature Range 








Standard 




Parameter 




Min 


Nom 


Max 


Units 


Vnn 
V UU 


f^nnnlv Vnltanp 


4.75 


5.0 


5.25 


y 


Vn 
V IL 


Innnt Vnltanp 1 nnir 1 fl\A/ 






0.8 




V|H 


Input Voltage,Logic HIGH 


2.0 






V 


■OL 


Output Current,Logic LOW 






4.0 


mA 


Inu 
■Url 


Dntniit Pnrrpnt 1 nnir HIGH 






-2.0 




tCY 


Cycle Time 
TMC2272 


33 






ns 




TMC2272-1 


27 7 






ns 




TMC2272-2 


25 






ns 


tPWL 


Plnrk Pnkp Width 1 flW 

UlUuft lUIOC VVIULII,LUVV 

TMC2272 


15 










TMC2272-1 


19 
\L 






ns 




TMC2272-2 


m 

IU 






ns 


tPWH 


Plnrk Pnkp Wirith HlfiH 
oiui/K ruioc vviuui,niijn 


10 






ns 


ts 


Input Setup Time 
TMC2272 


8 






ns 




TMC2272-1 


7 






ns 




TMC2272-2 


6 






ns 


tH 


Input Hold Time 
TMC2272 


3 






ns 




TMC2272-1 


3 






ns 




TMC2272-2 


2 






ns 


ta 


Ambient Temperature, Still Air 


0 




70 


oc 
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Electrical characteristics within specified operating conditions 1 









Temperature Range 










Standard 




Parameter 


Test Conditions 


Min 


Max 


Units 


IDDQ 


Supply Current, Quiescent 


VoD=Max, V|n=0V 




12 


mA 


IpDU 


Supply Current, Unloaded 


VDD=Max,f=20MHz 




160 


mA 


in 
ML 


Input Current,Logic L0W2 


VDD=Max f V||\j=OV 




±10 


uA 


IIH 




VDD=Max,V|N=VDD 




±10 


uA 


'OZL 


Leakage Current, Logic LOW 3 


VDD=Max,V||\j=OV 




±40 


uA 


'OZH 


Leakage Current, Logic HIGH3 


VoD=Max,V||\|=VDD 




±40 


uA 


vol 


Output Voltage,Logic LOW 


VQD=Min, l0L= 4r nA 




0.4 


V 


VOH 


Output Voltage,Logic HIGH 


VDD=Min, l0H=-2mA 


2.4 




V 


ios 


Short-Circuit Output 
Current 


VDD=Max, Output HIGH, 

One Pinto Ground, 

One Second Duration Max. 


-20 


-80 


mA 


C| 


Input Capacitance 


TA=250C,f=1MHz 




10 


pF 


Co 


Output Capacitance 


TA=250C,f=1MHz 




10 


PF 



Notes: 1 . Actual test conditions may vary from those shown, but guarantee operation as specified. 

2. Except pins Xi i-o, Yi 1-0 

3. Pins Xi i-o, Yi 1-8 only. 



Switching characteristics within specified operating conditions 







Temperature Range 








Standard 




Parameter 


Test Conditions 


Min 


Max 


Units 


to Output Delay 

TMC2272 


VDD=Min, C|_QAD=25pF 




18 


ns 


TMC2272-1 






17 


ns 


TMC2272-2 






16 


ns 


tHO Output Hold Time 
TMC2272 


VoD=Max, CL0AD=25pF 


3 




ns 


TMC2272-1 




3 




ns 


TMC2272-2 




3 




ns 
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Figure 6. Equivalent Input Circuit 
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Figure 7. Equivalent Output Circuit 
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Applications Discussion 

The TMC2272 can convert between any two three- 
coordinate colorspaces with the selection of the proper 
coefficients. Sets of coefficients for some popular 
colorspace conversions are presented below. 

By concatenating coefficient matrices of single 
transformations, the user can program the TMC2272 to 
perform compound transforms efficiently. For example, 
given an RGB input, correction of the relative values of R 
and B, for color temperature, conversion to YIQ, 



modification of contrast by changing Y, and conversion 
back to RGB can be performed as quickly and easily as any 
simple transformation. To calculate the final set of 
coefficients from the coefficients of the individual 
transformations, the procedure in Figure 8 (concatenation) 
is used. If more than two matrices are to be combined, the 
result from the concatenation of the first two matrices is 
concatenated with the third. If more matrices must be 
incorporated in the final function, the last step is repeated. 



Figure 8. Concatenation 
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C 




J 


K 


L 




AJ + BM + CP 


AK + BN + CQ 


AL + BO + CR 


D 


E 


F 




M 


N 


0 




DJ + EM + FP 


DK + EN + FQ 
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GK + HN + IQ 
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Converting From GBR to YCbCr 

With the right coefficients, two external NOT gates, 
and an external 4-bit half-addder, the TMC2272 
can convert video data from 8-bit full-scale (e.g., 
VGA) GBR components to 10-bit YCbCr 
components. 

Table 1. 10-bit component formats and 



Color Space Term 


Data 
Range 


Format 


Y Luminance 


64-940 


magnitude 


Y' Y - 64 


0-876 


magnitud 


Cb Color difference, 
Blue 


64-960 


magnitude 


U' Cb-512 


+/-448 


2's comp 


Cr Color difference, 
Red 


64-960 


magnitude 


V Cr-512 


+A448 


2s comp 


GBR Green, Blue, Red 
components 


0-255 


magnitude, 
8-bits 



Let Y* = Y - 64, U' = Cb - 512, and V = Cr - 512. 
The TMC2272 will compute Y\ U\ and V. Adding 
64 (040h) externally to Y' will then yield Y, whereas 
inverting the most significant bits of LT and V, U'9 
and V'9, will yield Cb and Cr, respectively. 
Multiplying the equations immediately above by 
128 and rounding each coefficient to the nearest 
integer yields the recommended set of coefficients 
for GBR to YUV conversion. 



128 (Y') = 


258 (G) +50 (B) +131 (R) 


dec. 




102 032 083 


hex 


128 (U') = 


-149 (G) +225 (B) -76 (R) 


dec. 




36B 0E1 3B4 


hex 


128 (V) = 


-188 (G) -37(B) +225 (R) 


dec. 




344 3DB 0E1 


hex 



If the TMC2272 input data alignment for 8-bit GBR 
is: 

0 0 G7 G6 G5 G4 G3 G2 G1 GO 0 0 
0 0 B7 B6 B5 B4 B3 B2 B1 B0 0 0 
0 0 R7 R6 R5 R4 R3 R2 R1 R0 0 0 



The analog defining equations for 1 Volt luminance 
and +/-0.5 Volt color difference components are: 

Y= 0.5870 (G) +0.1 140(B) + 0.2990 (R) 
B - Y = -0.3313 (G) + 0.5000 (B) - 0.1687 (R) 
R-Y= -0.4187(G) -0.0813(B) + 0.5000 (R) 

To translate these equations into the digital 
domain, note that the ranges of R, G, and B are 0 
to 255 instead of 0 to 1 , the range of Y is 64 to 940 
instead of 0 to 1 , and the ranges of U and V are 64 
to 960, instead of +/- 0.5: 

Y = (876/255)(0.587(G)+0.1 14(B)+0.299(R))+64 
= 2.01652 (G) +0.39162 (B) +1.02715 (R) + 64 

Cb = (896/255)(-0.3313(G)+0.5(B)-0.1687(R))+512 
= -1.16397(G) +1. 75686(B) -0.59289(R) + 512 

Cr = (896/255)(-0.4187(G)-0.0813(B)+0.5(R))+512 
= -1.47115(G) -0.28571(B) +1. 75686(B)) + 512 



then the output data alignment for 10-bit Y'U'V is: 
0 0 Y9 Y8 Y7 Y6 Y5 Y4 Y3 Y2 Y1 Y0 
U9 U9 U9 U8 U7 U6 U5 U4 U3 U2 U1 U0 
V9 V9 V9 V8 V7 V6 V5 V4 V3 V2 V1 V0 

where the tripled U9 and V9 sign bits denote two's 
complement sign extensions. The factors of 4 in 
the input data format and 128 in the equations are 
absorbed by the internal 9-bit (factor of 512) 
right-shifting of the emerging results. 

At the output of the TMC2272, invert the most 
significant bits, U9 and V9, of the chrominance 
components, and add 1 at Y6 of the luminance to 
obtain the true CCIR Rec. 601 values. 

Converting from GBR to 8-bit Full-Scale YUV 

With the right coefficients and two external NOT 
gates, the TMC2272 can convert video data from 
8-bit full-scale (e.g., VGA) GBR components to 
8-bit full-scale YUV components. 
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Table 2. 8-bit component formats and inclusive 



ranges: 



Color Snacp Tprm 

VVIwl vpOvv Id III 


I Id I 1 w 


Format 


Y 1 i imina nr*p 

I L_UI 1 III IGI 


0-255 


manniti jHp 
i i iciy 1 1 1 luvjo 


LJ Color riiffprpnop 


128 to 


ronrin 

C— O \s\J III 


Blue 


-127 




U' U + 128 


0-255 


magnitude 


V Color difference, 
Red 


128 to 
-127 


2s comp 


V V + 128 


0-255 


magnitude 


G,B,R Green, Blue, Red 


0-255 


magnitude 


components 







As in the previous RGB to YCbCr case, begin 
with the defining equations, but without the range 
compensation factors of 255 / 876 and 255 / 896: 



V = 0.5870 (G) +0.1 140 (B) +0.2990 (R) 
U = -0.3313 (G) +0.5000 (B) -0.1687 (R) 

V = -0.4187(G) -0.0813(B) +0.5000 (R) 

The TMC2272 will compute Y, U, and V directly, 
whereas inverting the most significant bits of U and 

V (U7 and V7 will yield U' and V, respectively. 
Multiplying the equations immediately above by 
512 and rounding each coefficient to the nearest 
integer yields the recommended set of coefficients 
for GBR to YUV conversion. 

512 (Y) = 301 (G) +58 (B) +153 (R) dec. 

12D 03A 099 hex 

51 2 (U) = -1 70 (G) +256 (B) -86 (R) dec. 

356 100 3AA hex 

512 (V) = -214 (G) -42 (B) +256 (R) dec. 

32A 3D6 100 hex 

If the TMC2272 input data alignment for 8-bit GBR 
is: 

0 0 0 0 G7 G6 G5 G4 G3 G2 G1 GO 
0 0 0 0 B7 B6 B5 B4 B3 B2 B1 B0 
0 0 0 0 R7 R6 R5 R4 R3 R2 R1 R0 

then the output data alignment for 8-bit YUV is: 

0 0 0 0 y7 Y6 Y5 Y4 Y3 Y2 Y1 Y0 

U7 U7 U7 U7 U7 U6 U5 U4 U3 U2 U1 U0 

Ml V7 V7 Ml Ml V6 V5 V4 V3 V2 V1 V0 

where the quintupled U9 and V9 sign bits denote 
two's complement sign extensions. The factor of 
512 in the equations above is absorbed by the 
internal 9-bit right shift of each emerging result. 



At the output of the TMC2272, invert the most 
significant bits, U7 and Ml, of the chrominance 
components, to obtain the 8-bit offset format. 

Converting From YCbCr to GBR 

Following the notation employed earlier, the i 
TMC2272 will be used to convert data in Y'U'V 
format into GBR format. 

Since Y' = 876, U' = V = 0, and G = B = R = 255 
for saturated white output, every "Y"' coefficient will 
be 255 / 876 = 0.291 10. The full analog matrix for I 
Y'U'V to GBR conversion is: 

G = 0.291 10 (Y') -0.09794 (U') -0.20324 (V) 
B = 0.291 10 (Y') +0.50431 (U') 
R = 0.29110 (Y') +0.39901 (V) 

Since the largest element is just over 0.5 and the 
largest permissible coefficient is 51 1 , multiply all 
elements of the matrix by 512 to obtain the values 
to load into the TMC2272: 



G = 


149 (Y') -50 (IT) -04 (V) 


dec. 




095 3CE 398 


hex 


B = 


149 (Y') +258 (IT) 


dec. 




095 100 


hex 


R = 


149 (Y') +204 (V) 


dec. 




095 0CC 


hex 



Decrease the incoming luminance at the input to 
the TMc2272 by 64 by adding 1's at positions Y9, 
Y8, Y7, and Y6. Invert U9 and V9 and their sign 
extensions, to accommodate CCIR Rec. 601 data. 
Instead of reducing Y by 64, an alternate is to 
reduce each of the G. B. and R outputs by 
(255) (64/ 876) = 19. 

For the Y'U'V to RGB conversion, the TMC2272 
input data alignment for 10-bit Y'U'V is: 

0 0 Y9 Y8 Y7 Y6 Y5 Y4 Y3 Y2 Y1 Y0 
U9 U9 U9 U8 U7 U6 U5 U4 U3 U2 U1 U0 
V9 V9 V9 V8 V7 V6 V5 V4 V3 V2 V1 V0 

where the tripled U9 and V9 sign bits denote two's 
complement sign extensions. The TMC2272 
output data alignment for 8-bit GBR is then: 
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0 0 0 0 G7 G6 G5 G4 G3 G2 G1 GO 
0 0 0 0 B7 B6 B5 B4 B3 B2 B1 BO 
0 0 0 0 R7 R6 R5 R4 R3 R2 R1 RO 

Converting From 8-bit Full Scale YUV to GBR 

Following the notation employed earlier, the 
TMC2272 will be used to convert data in 8-bit YUV 
format into 8-bit GBR format. 

Since Y = 256, U = V = 0, and G = B = R = 255 for 
saturated white output, every "Y" coefficient will be 
255 / 255*1 .0. The full matrix for YUV to GBR 
conversion is: 

G = 1.0 (Y) -0.3443 (U) -0.7142 (V) 
B = 1.0 (Y) +1.7727 (U) 
R = 1.0 (Y) +1.3965 (V) 

Since the largest element is over 1 .0 and the 
largest permissible coefficient is 51 1 , multiply all 
elements of the matrix by 256 to obtain the values 
to load into the TMC2272: 



G = 256 (V) -88 (IT) -83 (V) dec. 

100 3A8 349 hex 

B = 256 (Y') +454 (U') dec. 

100 1C6 hex 

R = 256 (Y') +359 (V) dec. 

100 167 hex 



For the YUV to RGB conversion, the TMC2272 
input data alignment for 10-bit Y'UV is: 

0 Y9 Y8 Y7 Y6 Y5 Y4 Y3 Y2 Y1 Y0 0 
U9 U9 U8 U7 U6 U5 U4 U3 U2 U1 U0 0 
V9 V9 V8 V7 V6 V5 V4 V3 V2 V1 V0 0 

where the doubled U9 and V9 sign bits denote 
two's complement sign extensions. The TMC2272 
output data alignment for 8-bit GBR is then: 

0 0 0 0 G7 G6 G5 G4 G3 G2 G1 GO 
0 0 0 0 B7 B6 B5 B4 B3 B2 B1 B0 
0 0 0 0 R7 R6 R5 R4 R3 R2 R1 RO 

Note that the inputs have to be doubled because 
the coefficient gain is 256, whereas the internal 
gain is 1/512, for a net gain of 1/2. 



Table 3. Summary of Colorspace Conversion Coefficients 



Conversion 


KAX KAY KAZ 


KBX KBY KBZ 


KCX KCY KCZ 


RGB to YUV 


099 3AA 100 


12D 356 32A 


03A 100 3D6 


RGB to YCbCr 


083 3B4 0E1 


102 36B 344 


032 0E1 3DB 


YUV to RGB 


100 100 100 


000 3A8 1C6 


167 349 000 


YCbCr to RGB 


149 149 149 


000 3CE 102 


0CC 398 000 



Table 4. Conversion Port Assignments and 



Alignments 



Port 


AIN 


BIN 


CIN 


XOUT 


YOUT 


ZOUT 


RGB to YUV 


R7-0 


G7-0 


B7-0 


Y7-0 


U7-0 (e) 


V7-0 (e) 


RGB to YCbCr 


R7-0 


G7-0 


B7-0 


Y9-0 


U9-0 (e) 


V9-0 (e) 


YUV to RGB 


Y8-1 (e) 


U8-1 (e) 


V8-1 (e) 


R7-0 


G7-0 


B7-0 


YCbCr to RGB 


Y9-0 


CB9-0 (e) 


CR9-0 (e) 


R7-0 


G7-0 


B7-0 



where Xy-0 denotes right-justified, (e) denotes sign extension, and Xy-1 denotes shifted ome bit leftward 
from right-justified position. 
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HSV (HSI) Format Conversions 

HSV (or HSI) refers to Hue (color) Saturation (vividness) and 
Value (intensity or brightness), quantities which are directly 
related to the human perception of light and color. The V 
(or I) levels are simply the Y (or luminance) levels. Hue and 
Saturation are derived from the R-Y and B-Y color 
difference values of a signal. 

HSV Calculations: 

Value (V) = Intensity (I) = Y 

Hue (H) = Arctan ( B-Y/R-Y) 

Saturation (S) = V(R-Y)2 + (B-Y)2 

R-Y = S*cos(H) 

B-Y = S*sin(H) 



One may use two 64Kx8 ROM look-up-tables to calculate 
Hue and Saturation from R-Y and B-Y in an 8-bit system. 
However, the finite size of this LUT may limit performance, 
especially if the TMC2272's full precision is used. The 
TMC2330, developed to translate between rectangular 
and polar coordinates, can perform the trigonometric 
transformations to 16 bit precision at 25MHz. These 
calculations are the the same as required in HSV 
calculations. A 4 Giga-byte x 32 bit LUT can achieve the 
same accuracy and precision as the TMC2330, if it is 
programmed correctly. 

To convert between Y, R-Y, B-Y and HSV, the the TMC2272 
isn't needed at all; simply use the TMC2330. To convert 
between HSV and any other format, use the TMC2330 to 
translate between HSV and Y, R-Y, B-Y, and use the 
TMC2272 to translate between Y f R-Y, B-Y and the other 
format. See Figures 9 and 10. 



Figure 9. Conversion to HSV 
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24047A 



Notes: 1 . Connect TMC2272 MSBs (Bits 1 1 ) to TMC 2330 MSBs (Bits 1 5) and also to TMC2330 Bits 14-11. Connect TMC2272 LSBs (Bits 1 0-0) to TMC2330 LSBs (Bits 1 0-0). 
TMC2330 output bits 14-1 1 are overflow. 

2. TMC2272 Yi \ _o outputs should not be confused with the designation "Y" used to signify the intensity components. The assignment of components to TMC2272 inputs 
and outputs may be altered through the selection of appropriate coefficients. 



Figure 10. Conversion from HSV 
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Notes: 1 . Connect input MSBs (Bits 1 1 ) to TMC2330 MSBs (Bits 1 5( and also to TMC2330 Bits 14-11. Connect input LSBs (Bits 1 0-0) to TMC2330 LSBs (Bits 1 0-0). 

2. TMC2272 Yi 1 .rj outputs should not be confused with the designation Y used for an intensity component. Component assignment depends on the coefficients used. 
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Input Interpolation/Output Decimation and Filtering 

In some applications the two color-difference signals 
(R-Y/B-Y or Cr/Cb, for example,) are transmitted at one-half 
the rate of the luminance (Y) signal. These two color- 
difference signals are often multiplexed to one signal 
which is at the same sample rate as the luminance signal. 
In many applications, if the color difference signals are 
already band-limited, it is satisfactory to use the same 
color difference sample for each two luminance samples. 
Little improvement is obtained with a simple averaging 
([A+B]/2) interpolation filter. If the color difference signal 
is not band-limited, either of these two methods may yield 
unsatisfactory results due to aliasing. In this case, a TRW 
TMC2242 digital low-pass ("half-band") interpolating filter 
will correctly band-limit each color difference signal as it is 
interpolated. See Figure 11. 



The same methods are used to decimate the color 
difference outputs. Simple decimation by removing every 
other sample of color information may yield unsatisfactory 
results due to aliasing. This is a problem because the color 
difference signals have now been transformed with the 
higher-bandwidth luminance signals and therefore have 
higher bandwidths than they had before the transform. 
The best performance is obtained by using a precise low- 
pass ("half-band") decimation filter such as the 
TDC2242 to remove aliasing components. See Figure 12. 

The TMC2242 is a bi-directional, selectable rate filter/ 
interpolator/decimator 



Figure 11. Input Interpolation and Filtering 
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Notes: 1. Width of input paths will vary with source. 

2. See TMC2242 Datasheet for further information. 
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Figure 12. Output Decimation and Filtering 
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Pin Assignments - 121 -Pin Plastic Pin Grid Array H5 Package 



Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


A1 


X7 


B5 


GND 


eg 


Co 


F1 


Yy 


H13 


Al 


L5 


KC 0 


Mg 


KB2 


A2 


Xg 


B6 


Cg 


C10 


B8 


F2 


Y8 


J1 


Y1 


L6 


GND 


M10 


KB 5 


A3 


Xio 


B7 


C6 


C11 


B5 


F3 


vdd 


J2 


Y2 


L7 


vdd 


M11 


KBg 


A4 


GND 


B8 


C 4 


C12 


B3 


F11 


a 7 


J3 


GND 


L8 


KB 0 


M12 


KA2 


A5 


Cll 


B9 


C2 


C13 


B1 


F12 


Ae 


J11 


KA 8 


i_g 


KB 4 


M13 


KA 3 


A6 


C8 


B10 


Bn 


D1 


Y11 


F13 


A 5 


J12 


CWSELi 


L10 


KB 8 


N1 


Z5 


A7 


c 7 


B11 


Bg 


D2 


xo 


G1 


Y5 


J13 


CWSELo 


L11 


KAi 


N2 


z 8 


A8 


C5 


B12 


Be 


D3 


X3 


G2 


Ye 


K1 


Y3 


LI 2 


KA 5 


N3 


Z10 


A9 


C3 


B13 


B2 


D11 


CLK 


G3 


GND 


K2 


zo 


L13 


KA 6 


N4 


KCi 


A10 


C1 


C1 


X1 


D12 


BO 


G11 


A3 


K3 


z 3 


M1 


Z2 


N5 


KC 3 


A11 


BiO 


C2 


X2 


D13 


A10 


G12 


A 2 


K11 


KA 4 


M2 


Z7 


N6 


KC 5 


A12 


By 


C3 


X6 


E1 


Yg 


G13 


A 4 


K12 


KAy 


M3 


zg 


N7 


KCy 


A13 


B 4 


C4 


vdd 


E2 


Y10 


H1 


Y 4 


K13 


KAg 


M4 


Z11 


N8 


KC 8 


B1 


x 4 


C5 


GND 


E3 


GND 


H2 


YO 


L1 


Z1 


M5 


KC2 


Ng 


KBi 


B2 


X5 


C6 


ClO 


E11 


All 


H3 


vdd 


L2 


z 4 


M6 


KC 4 


N10 


KB 3 


B3 


X8 


C7 


GND 


E12 


Ag 


H11 


GND 


L3 


z 6 


M7 


KC 6 


N11 


KB 6 


B4 


X11 


C8 


vdd 


E13 


A 8 


H12 


A 0 


L4 


GND 


M8 


KCg 


N12 
N13 


KBy 
KA 0 



Note: Pin D4 has no electrical connection. It is a mechanical orientation pin. 
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Ordering Information 



Product 


Speed 


Temperature Range 


Screening 


Package 


Package 


Number 


MHz 








Marking 


TMC2272H5C 


30 


STD-TA = 0°Cto 70°C 


Commercial 


121 Pin Plastic PGA 


2272H5C 


TMC2272H5C-1 


36 


STD-TA = 0°Cto 70°C 


Commercial 


121 Pin Plastic PGA 


2272H5C-1 


TMC2272H5C-2 


40 


STD-Ta = 0°C to 70°C 


Commercial 


121 Pin Plastic PGA 


2272H5C-2 
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TMC2301 

CMOS Image Resampling Sequencer 

15, 18 MHz 



Description 

The TMC2301 is a VLSI circuit which supports image 
resampling, rotation, rescaling and filtering by generating 
input bit plane, interpolation coefficient lookup table, and 
output bit plane memory addresses along with external 
multiplier-accumulator control signals. The TMC2301 
can process data fields of up to 4096 x 4096 multibit 
words at a clock rate of up to 1 8 MHz. An IRS-based 
system can nearest-neighbor resample a 512 x 512 
image in 15 milliseconds, translating, zooming, rotating, 
or warping it, depending on the transform parameter set 
loaded. A complete bilinear interpolation of the same 
image can be completed in 60 milliseconds. Image 
resampling speed is independent of the angle of 
rotation, degree of warp, or amount of zoom specified. 

A high performance, TMC2301 -based system can 
execute bilinear and cubic convolution algorithms that 
rotate images accurately and in real time. Keystone or 
other perspective correction, image plane distortion, and 
numerous other second order polynomial 
transformations can be programmed and executed 
under direct user control. Direct access to the 
interpolation coefficient lookup table allows dynamic 
modification of the algorithm. 

Following an initialization with the transform parameters 
and control bits defining the operation to be executed, 
the IRS assumes control of the input and output data 
fields and executes unattended. Data word size is user 
selectable. All inputs except INTER and all outputs are 
registered on the rising edge of clock. All outputs are 
three-state controlled except ACC, CZERO, END, and 
DONE. 

Fabricated in a 1 micron CMOS process, the 
TMC2301 operates at clock rates of up to 18 MHz 
over the full commercial (0 to 70°C) temnperature at 
15 MHz over the extended (-55 to +1 25°C) 
temperature and supply voltage ranges. All signals 
are TTL compatible. 



Features 



Rotation, warping, panning, zooming, and 
compression of images in real time 
18 MHz clock rate 

4096 x 4096 image field addressing capability 
User-selectable nearest-neighbor, bilinear 
interpolation, and cubic convolution resampling 
algorithms 

Static convolution^ filtering of up to 16 x 16 pixel 
windows 

Single-pass or two-pass convolution operations 
Low power consumption CMOS process 
Single 5V power supply 

Available in a 68-pin grid array and low-cost plastic 
leaded chip carrier (J-bend) 



Applications 

♦ Video special-effects generators 

♦ Image recognition systems, robotics 

♦ Artificial intelligence 

♦ High-precision image registration (LANDSAT 
processing) 

♦ High-speed data encoding/decoding 

♦ General purpose image processing 

♦ Image data compression 
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Table 3. Parameter Registers Binary Format (Row or Column Sequencer) 



Addr. 

0000* 


Format 

MSB LSB 

211 2 1 0 29 28 2 7 26 25 2 4 23 2 2 21 20 


Limits 
Dec Hex 

4095 FFF 
0 000 


Name 

XMIN 


ooor 


211 2^0 29 28 2 7 26 25 2* 23 2 2 2 1 20 


4095 FFF 
0 000 


XMAX 


0010 


26 25 24 23 22 21 20 2"1 2-2 2-3 24 2"5 

212 211 210 29 28 2 7 


4096-2-5 0FFF.F8 
4096 F000.00 


xo 


0011 
(Control) 


ALR AIN PIPE R/C M 1 M 0 






0100 
0101 


2-1 2-2 2-3 2* 2-5 2"6 2" 7 2*8 2-9 2-10 2-11 2"12 
-2 7 26 25 24 23 22 21 20 


128-2-12 007F.FFF 
-128 FF80.000 


DX/DUo 


0101* 
(TM, FOV) 


TM 22 21 20 






0110 
0111 


2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-10 2-11 2-12 
-27 26 25 24 23 22 21 20 


128-2-12 007F.FFF 
-128 FF80.000 


DX/DVo 


0111* 
(Kernel) 


23 22 21 20 




Kernel 


1000 
1001 


2-9 2-10 2-11 2-12 2-13 2-14 2-15 2-16 2-17 2-18 2-19 2.<io 
-23 22 21 20 2-1 2-2 2"3 2-4 2-5 2-6 2-7 2^8 


8-2-20 Q007.FFFFF 
-8 


D2X/DU2V 


1010 
1011 


2-9 2*»0 2*11 2-12 2-13 2-14 2-15 2-16 2-17 2-18 2"19 2"10 
-2y 2A 2' 2" 2 ' 2"* 2 ^ 2"^ 2"° 2"^ 2 ' 2^ 


8-2-20 Q007.FFFFF 
-8 FFF8.00000 


D2X/DLJ2 


1100 
1101 


2-9 2-10 2-11 2-12 2-13 2-14 2-15 2"16 2-17 2-18 2"19 2"20 
-23 2 2 21 20 2-1 2-2 2"3 2-4 2-5 2"6 2* 7 2"8 


8-2-20 0007.FFFFF 
-8 FFF8.00000 


D2X/DV2 


1110* 


211 210 29 28 27 26 25 24 23 22 21 20 


4095 FFF 
0 000 


UMIN 


1111* 


211 210 29 28 2 7 26 25 24 23 22 21 20 


4095 FFF 
0 000 


UMAX 



* unsigned binary notation 
A "-" indicates MSB is sign bit 



internal Bit Mapping TMC2301 (For parametric inputs, integers in table are bits of P, the input point) 



212 


211 210 29 28 


27 26 25 24 


23 22 21 20 


2-1 2-2 2-3 2-4 


2-5 2-6 2-7 2-8 


2-9 2-10 2-11 2-12 


2-13 2-14 2-15 2-16 


2-17 2-18 2-19 2-20 


XoUT 111:0] 


11 10 9 8 


7 6 5 4 


3 2 10 












CADN 17:4J 








7 6 5 4 










XMAX XMIN 


11 10 9 8 


7 6 5 4 


3 2 10 












Xo 5 


4 3 2 1 


0 11 10 9 


8 7 6 5 


4 3 2 1 


0 








DX/DU.DXtf>\, 




7 6 5 4 


3 2 10 


11 10 9 8 


7 6 5 4 


3 2 10 






D2X/DU2 
D2X/DV2 






11 10 9 8 


7 6 5 4 


3 2 1 0 


11 10 9 8 


7 6 5 4 


3 2 10 
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Functional Block Diagram 




PARAMETER Q2/ ^| 
DATA IN ? r * 



CONTROL WORD 
AND TRANSFORM 
PARAMETER 
STORAGE REGISTER 



INSTRUCTIONS CLK 



CLK) 
INITIALIZE) 



INTERCONNECT: \ 
NEXT ROW/COLUMN ' 



> 



XO. A 's J 





INTEGER 


SOURCE 




ADDRESS 




GENERATOR 







XMIN 
XMAX , 



INPUT IMAGE 

BOUNDARY 

COMPARATOR 



UMIN 
UMAX , 



LIMITS 


TARGET 

ADDRESS 

COUNTER 


RESET 


AT 

LIMIT 


COUNT 




Pin Assignments - 68 Pin Grid Array, G8 or H8 Package 



L KJHGFE DCBA 



Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


B2 


INIT 


K2 


"10 


K10 


Xl 


B10 


P6 


B1 


OETA 


L2 


"11 


K11 


x 2 


A10 


P5 


C2 


INTER 


K3 


UWRI 


J10 


x 3 


B9 


P4 


C1 


END 


L3 


ACC 


J11 


x 4 


A9 


P3 


D2 


DONE 


K4 


CZERO 


H10 


x 5 


B8 


P2 


D1 


uo 


L4 


CAq 


H11 


x 6 


A8 


Pi 


E2 




K5 


CAi 


G10 


x 7 


B7 


Po 


El 


u 2 


L5 


v D d 


G11 


x 8 


A7 


CLK 


F2 


GND 


K6 


GND 


F10 


GND 


B6 


GND 


F1 


u 3 


L6 


CA 2 


F11 


x 9 


A6 


v DD 


G2 


U 4 


K7 


CA 3 


E10 


x 10 


B5 


NOOP 


G1 


u 5 


L7 


CA 4 


E11 


X11 


A5 


LDR 


H2 


u 6 


K8 


CA 5 


D10 


P11 


B4 


B 0 


H1 


u 7 


L8 


CA 6 


D11 


ho 


A4 


B1 


J2 


u 8 


K9 


CA 7 


C10 


Pg 


B3 


B 2 


J1 


u 9 


L9 


x 0 


C11 


Pa 


A3 


B 3 


K1 


GND 


L10 


GND 


B11 


p? 


A2 


WEN 























J O O O O O C 




















Top View 










Cavity Up 






































J O O O 0 O C 
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Pin Assignments 



"10 


61 C 


"11 


62 C 


UWKI 


63 C 


ACC 


64 C 


CZERO 


65 C 


CA 0 


66 C 


CA, 


67 C 


Vdd 


68 [ 


GND 


1 C 


CA 2 


2C 


CA 3 


3C 


CA 4 


4C 


CA 5 


5C 


CA 6 


6C 


CA 7 


7 C 


*o 


8C 


GND 


9 C 



143 WEN 

142 B 3 

141 B 2 

5 40 B t 

3 39 B„ 

138 LDR 

337 NOOP 

3 36 V DD 

J3 35 GND 

334 CLK 

?33 P 0 
Pi 
P2 



332 
331 

5 30 P 3 
529 P 4 



n_n_n_n_TTj-i_ja_n_rx_a^^ 



c * * g * xxcToT' 



68 Leaded (J Bend) Plastic Chip Carrier - L1 or R1 Package 



Functional Description 
General Information 

The IRS is a versatile self-sequencing address generator 
designed primarily to filter a two-dimensional image or 
to remap and resample it from one set of Cartesian 
coordinates (x, y) into a new, transformed set (u, v). 
Most applications use two identical devices in tandem, 
one generating the row coordinates (X and U), the other 
generating the column coordinates (Y and V). The 
algorithm performed by the TMC2301 consists of two 
steps: a coordinate system transformation, followed by 
pixel interpolation. Interpolation is necessary when the 
transformed pixel positions (U, V) do not coincide with 
the original pixel positions (X, Y). The new pixel intensity 
values are obtained by interpolating the original pixels in 
the neighborhood of the transformed pixel positions. See 
Figure 1. 

The IRS executes a general second order coordinate 
transformation of the form: 

X(u, v)=Au 2 + Bu + Cuv+Dv 2 + Ev + F 
Y(u, v) = Gu 2 + Hu + Kuv+Lv 2 + Mv + N 

where A through N are user -defined parameters. It 
steps sequentially through the pixels of a user -defined 
rectangle in the new set of coordinates, computing the 
"old" address (X, Y) corresponding to each "new" 
location (U, V). 



The TMC2301 uses the external multiplier -accumulator, 
connected to the system clock, to calculate the inter- 
polated pixel value by summing the products of the 
original pixel values stored in the source buffer RAM and 
the appropriate weights from the polynomial transform 
lookup table. The new interpolated image value is then 
stored in the corresponding (U, V) memory location. 
Finally, the new image address is incremented by one 
pixel in the "U" direction or reset to the start of the 
next line (with "V" incremented), proceeding 
line-by-line through the entire destination image. 

The TMC2301 can support any nearest neighbor, bilinear, 
or cubic resampling, according to the user's requirements. 
The bilinear and cubic kernels require a coefficient 
lookup table and multiplier -accumulator. Both one -pass 
and two -pass algorithms are supported. Sophisticated 
"walkaround" algorithms implementing static filters are 
also easily realized, utilizing convolutional kernels of up to 
16x16 pixels. Both one and two -pass algorithms are 
supported. For each output point in a typical static 
single -pass filter, the IRS will generate a series of 
addresses, "walking" around that point in two 
dimensions. At the end of each walk, it will advance one 
pixel along the output scan line, then begin the walk for 
the next pixel. 
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A basic TMC2301 -based system is shown in Figure 2. In this multiplier-accumulator, external interpolation coefficient lookup 
typical system, two Image Resampling Sequencers process the table RAM, and the user-specified Source and Destination 
image. The only other external parts needed are a Image Memory. 



Figure 2. Basic 2-D Image Convolver Using TMC2301 Image Resampling Sequencer Utilizing Typical 8-Bit Data Path 

IMAGE DATA IN 

h 



INITIALIZATION 
DATA 



. 12, 

2=2 



CONTROL ] 



CLOCK >- 





x 11 -0 


IRS 


ACC 


ROW 

(X) 


UWRI 


INTER 


"11-0 


END A CA 7 _ 0 





J^Qaddress 



INTERPOLATION 
COEFFICIENT 
BUFFER RAM 







INTER 


CAy-0 




END 


IRS 

COLUMN 

(Y) 


Y 11-0 


A 




V11-0 




4K x 4K WORDS 
MAXIMUM 
IMAGE SIZE 



4Kx4K WORDS 
MAXIMUM 
IMAGE SIZE 



IMAGE DATA OUT 
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Signal Definitions 



Power 

Vqd, gnd 

Clock 

CLK 



Inputs 

p 11-0 



B3- 



Outputs 

x 11-0 



CA 7 _ 



u 11-0 



Controls 

INIT 



The TMC2301 operates from a single 
supply. All pins must be connected. 



-5V 



The TMC2301 has a single clock input. The 
rising edge of CLK strobes all enabled registers. 
All timing specifications are referenced to the 
rising edge of CLK. 



The coordinate transformation parameters are 
loaded through the registered 12-bit P input 
port. P-j -| is the Most Significant Bit. 

The write addresses for the individual coordinate 
transform parameters are presented at the 
registered 4-bit B input port. B3 is the Most 
Significant Bit. 



The current X (or Y) source pixel address of the 
image being resampled is indicated by the 
registered 12-bit X^_rj output bus. This output 
is forc ed to the high impedance state when 
NOOP is LOW. X}] is the Most Significant Bit. 

The current interpolation kernel coefficient 
lookup table address is indicated by the 
registered 8-bit CAy_g output bus. This output 
is forc ed to the high impedance state when 
NOOP is LOW. CA7 is the Most Significant Bit. 

The U (or VI target address of the image being 
generated is indicated by the registered 12-bit 
U^_Q output bus. This out put is forced to the 
high impedance state when OETA is HIGH. U-j 1 
is the Most Significant Bit. 



The control logic is cleared and initialized for 
the start of a new image transformation when 
the registered INIT input is HIGH for a minimum 
of two clock cycles. Normal operation begins 
after INIT goes LOW. 



WEN The registered Write Enable input allows the 

transformation parameters to be written into the 
preload register indicated by the address at the 
B input port when LOW. See Figure 4. 

LDR The data held in all transformation parameter 

preload registers is latched into the storage 
registers when the registered input LDR is 
HIGH. When LDR is LOW, the parameters 
remain unchanged. See Figure 4. 

ACC The accumulation register of the external 

multiplier-accumulator is initialized by the 

registered ACC output. ACC goes LOW for one 
cycle at the start of each interpolation "walk," 
effectively clearing the storage register by 
loading in only the new first product. See 
Figure 9. 

UWRI After the end of each interpolation "walk," the 

Target Memory (U or V) Write Enable goes LOW 
for one clock cycle. See Figure 9. This 
registered output is for ced to the high 
impedance state when OETA is HIGH. 

INTER In the common two -device system 

configuration, the Interconnect inputs are 
connected to the END flag outputs. The END 
flag from the row (X) sequencer thus indicates 
an "end of line" to the column (Y) device, while 
the column sequencer in turn sends a "bottom 
of frame" signal to the row device, forcing a 
reset of the address counter. 

NOOP The C lock is overidden when the registered 

input NOOP is LOW, holding all address 
generators in their current state. Also, the 
output buffers for the address busses X^_rj 
and CA7_Q are forced to the high impedance 
state. This allo ws the user access to all external 
memory. When NOOP goes HIGH, normal 
operation resumes on the next clock cycle. 

OETA The target memory outputs UWRI and address 

bus Un-o are in the high-impedance state 
when the re gistere d Output Enable input is 
HIGH. When OETA is LOW, they are enabled on 
the next clock cycle. 



2-192 



Raytheon Semiconductor 



For More Information call 1-800-722-7074. 



TMC2301 



Flags END 

CZERO The registered CZERO flag of a horizontal 
dimension TMC2301 goes HIGH if X<0, 
XMIN<X<XMAX, or X>4096 (1000 
hex). It goes LOW if 0<X<XMIN or 
XMAX< X<4096. The logical AND of the 
CZERO flags of a two-dimensional pair of 
TMC2301s will go LOW when the source 
address falls outside a rectangle with nn |y, 
vertices (XMIN, YMIN), (XMAX, YMIN), u 
(XMIN, YMAX), and (XMAX, YMAX), 
denoting an invalid address. The external 
data path can be wired to substitute a 
selected background value whenever this 
AND.= 0. 



The registered END flag goes HIGH during 
the last pixel of the last walk in a row in 
the case of the row chip, and the last pixel 
of the last walk in a column in the column 
chip, in the two -device architecture. This 
output is used as the end -of- line and 
end-of-frame indicator in conjunction 
with the INTER inputs of both TMC2301s. 

In the standard two -device system, a row 
sequencer DONE flag HIGH after the last 
walk at the e nd of t he last row of an 
image (during UWRI LOW) indicates the 
end of the transform. This registered output 
is usually ignored on the column device. 
See the Transformation Control Parameters, 
AUTOINIT. 



Package Interconnections 



Signal 
Type 


Signal 
Name 


Function 


G8, H8 Package Pins 


L1, R1 Package Pins 


Power 


v DD 


Supply Voltage 


L5, A6 


36, 68 


GND 


Ground 


F2, K1, K6, L10, F10, B6 


1, 9, 18, 35, 52, 60 


Clock 


CLK 


System Clock 


A7 


34 


Inputs 


P 1 1 — 0 


Parameter Register Data 


D10, D11, C10, C1 1, B11, B10, 
A10, B9, A9, B8, A8, B7 


22, 23, 24, 25, 26, 27 
28, 29, 30, 31, 32, 33 


B 3-0 


Parameter Register Address 


A3, B3, A4, B4 


42, 41, 40, 39 


Outputs 


x 1 1 — 0 


Source Address 


Ell, E10, F11, G11, G10, H11 
H10, J11, J10, K11, K10, L9 


21, 20, 19, 17, 16, 15, 
14, 13, 12, 11, 10, 8 


CA 7 _ 0 


Coefficient Address 


K9, L8, K8, L7, K7, L6, K5, L4 


7, 6, 5, 4, 3, 2, 67, 66 


"11-0. 


Target Address 


L2, K2, J1, J2, HI, H2, 
G1, G2, F1, E1, E2, D1 


62, 61, 59, 58, 57, 56, 
55, 54, 53, 51, 50, 49 


Controls 


INIT 


Initialize 


B2 


44 


NOOP 


No Operation 


B5 


37 


WEN 


Parameter Write Enable 


A2 


43 


LDR 


Lead Parameter Data Registers 


A5 


38 


ACC 


Accumulate 


L3 


64 


oeTa 


Target Memory Output Enable 


B1 


45 


UWRI 


Target Memory Write Enable 


K3 


63 


INTER 


Interconnect 


C2 


46 


Flags 


CZERO 


Coefficient Zero 


K4 


65 


END 


End of Row/Page 


CI 


47 


DONE 


End of Transform 


D2 


48 
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Transformation Control Parameters 

The TMC2301 is a self-sequencing device which requires no 
cycle -to -cycle intervention from the host system. To program 
the device, the user loads the 16 operating parameters, which 
define the transformation to be performed, which sections of 
the original and resampled image spaces are to be utilized, and 
various control words. Filtering operations are further defined 
by the values the user loads into the external coefficient 
memory. The transform parameters are described below. See 
also Tables 1 through 3. 



XMIN, XMAX, These four parameters outline the "source" 
YMIN, YMAX rectangular region of the original image. 

Whenever the IRS pair generates an (X, Y) 
address within this boundary the CZERO flags 
will denote a valid memory read. In the most 
common case, XMIN < XMAX, YMIN < YMAX, 
000h<X<FFFh<, and 000h<Y<FFFh. In 
this cas e, addre sses out-of-bounds cause one 
or both CZEROs to go LOW. Refer to Appli- 
cation Note TP -38 for further information on 
other boundary violation cases. Each parameter 
is expressed in 12-bit unsigned binary integer 
notation. See Figure 12. 

UMIN, UMAX, These four parameters outline the "target" 
VMIN, VMAX region of the (u, v) plane, into which the 

resampled image will be written. The IRS will 
generate, line by line, a scan that fills only this 
portion of the plane, permitting the user to 
assemble a mosaic of multiple rectangular 
subimages. Care must be taken to ensure that 
UMAX > UMIN and VMAX > VMIN. Each 
parameter is expressed in 12-bit unsigned 
binary integer notation. See Figure 12. 

IXg, Yrj) These are the coordinates of the first pixel to 
be read from the original image. In many 
applications, this point will be one of the four 
corners of the original image to be resampled. 
The pixels near (Xg, Yg) in the original image 
will be used to compute the upper left pixel of 
the transformed image. In non -inverting, 
non- reversing applications (Xg, Ygl will be the 
upper left corner of the original subimage. Each 
coordinate is expressed in 13 -bit integer plus 
5-bit fraction, two's complement notation. 



dX/dUg Is the initial horizontal partial first derivative 
indicating the displacement along the X axis 
which corresponds to each one -pixel movement 
along the U axis. Usually, 0 < dX/dUg < 1 
corresponds to magnification, whereas 
dX/dUg > 1 represents reduction and 
dX/dUg < 0 denotes reflection about a vertical 
axis. The first derivatives are expressed in 8 -bit 
integer, 12 -bit fraction two's complement 
notation. 

dX/dVg Is the initial horizontal -vertical partial first 
derivative. It indicates the displacement along 
the X axis corresponding to each one -pixel 
movement along the V axis. The coefficients 
dX/dVg and dY/dUg define image rotation and 
shear. 

dY/dUg Is the initial vertical -horizontal partial first 
derivative. It indicates the displacement along 
the Y axis corresponding to each one -pixel 
movement along the U axis. 

dY/dVg Is the initial vertical partial first derivative. It 
indicates the displacement along the Y axis 
corresponding to each one -pixel step along the 
V axis. Since dX/dUg and dY/dVg are separate 
parameters, vertical magnification and reflection 
need not match their horizontal counterparts. 

NOTE: For each incremental move along the U axis, the 
starting point of the new "walk around spiral" is indexed to 
the ENDING point of the previous walk around spiral, rather 
than to its center. Therefore, the terms dX/dUg and dY/dUg 
must be adjusted accordingly. Since each new line is 
referenced back to the previous line's initial spiral starting 
point, no similar dX/dVg or dY/dVg correction is needed. 

d?X/dU? Is the second order horizontal derivative. It 

indicates the rate of change of the horizontal - 
horizontal first derivative with each step along a 
line in the output image space. All six 
second -order derivatives are 4 -bit integer, 
20 -bit fractional two's complement parameters. 
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d^X/dV? Is the second order horizontal -vertical -vertical 
derivative. It indicates the rate of change of the 
horizontal -vertical first derivative with each step 
down a column in the output image space. 

d^Y/dll? Is the second order vertical -horizontal - 

horizontal derivative. It indicates the rate of 
change of the the vertical -horizontal first 
derivative with each step along a line of the 
output image space. 

d^Y/dV^ Is the second order vertical derivative. It 

indicates the rate of change of the vertical - 
vertical first derivative with each step down a 
column of the output image space. 

d^X/dUdV Is the mixed second order derivative indicating 
the rate of change of the first order horizontal 
derivative as one proceeds downwards through 
the output image space. This is also the rate of 
change of the first order horizontal -vertical 
derivative during horizontal sweeps in the output 
image space. 

d^Y/dUdV Is the mixed second order derivative indicating 
the rate of change of the first order vertical 
derivative as one moves horizontally across the 
output space, or, equivalently, the rate of 
change of the first order vertical -horizontal 
derivative as one moves vertically in the output 
image space. 

Row/Column Sets the mode to either Row (0) or Column (11 
Select operation. 

Mode This 2 -bit control word defines three unique 

instructions: 



Code 


Instruction 


00, 01 


single -pass operation 


10 


pass 1 of two -pass operation 


11 


pass 2 of two -pass operation 



In single -pass operation, the device walks through the entire 
(k + 1) x (k + 11 kernel for each output pixel, where k is the 
value written into the Kernel section (see below) of the 
parameter register. Two -pass operation, which requires a 
dimensionally separable kernel, is executed first for a (k + 1) 



element kernel in one direction, then for a (k + 1) element 
kernel in the other direction. For kernel sizes exceeding 2x2, 
the two -pass algorithm is obviously beneficial, requiring 2n 
samples per output point instead of n x n. In this case, the 
intermediate image data stored in the destination image 
memory following the first pass is used as the source image 
data on the second pass. The user may design his system to 
switch source and destination memory bank addresses in place, 
or could utilize a second TMC2301 pair in a pipelined 
architecture. This would require a third image buffer for the 
final destination image. Both devices of a system pair are 
usually set to the same mode. 

Kernel The effective kernel width (height) exceeds this 
4-bit unsigned number by 1, thereby providing 
kernels of 1 x 1 to 16 x 16 source pixels per 
output, for either resampling or filtering. Simple 
static filters can be implemented with kernels of 
up to 16 x 16 pixels (Kernel = 15), while 
resampling interpolation kernels are limited to 
4x4 pixels (Kernel = 3), due to the four bits 
of fractional X (or Y) address generated by the 
TMC2301. See the Applications Discussion, 
below. Again, both devices in a pair are 
generally initialized with equal Kernel values. 

Field of View As the device walks through its kernel 
(FOV) coefficients, each corresponding step in (x, y) 

space is normally one pixel length or height; 
this is a field of view of 1. However, the user 
can subsample the original space before filtering 
or resampling, by applying the coefficient kernel 
over a view field of up to 7 units. At a field of 
view of F, the pixels selected for each kernel 
operation are F pixels apart. This is useful in 
oversampled pictures, whose intensity changes 
only slowly from pixel to pixel. 

Autoload When set to 1 (HIGH), the LDR control is 
(ALR) automatically asserted when INIT is strobed, 

loading the coefficient set currently stored in the 

preload registers. 

Autoinit At the end of an image, if the AIN bit is 1 
(AIN) (HIGH) the DONE flag goes HIGH for one clock 

cycle and a new transform begins. If 0 (LOW), 
UWRI and the DONE flag remain HIGH during 
the sequence until the user strobes the INIT 
control to begin a new image transformation. 
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Pipe Adjusts the timing of the target memory write 

(PIPE) controls, to compensate for buffered source 

image RAM. If the PIPE bit is 1 (HIGH), outputs 
ACC and UWRI will be delayed one clock cycle 
relative to the generation of the target address 
(U or V). See Figure 9. 

Test Mode This mode is available for user inspection of the 
(TMI' coefficient data. The source image and 

coefficient addresses are calculated by an 
internal 28 -bit accumulator. When TM is 
1 (HIGH), the sign bit, normally discarded, and 
the lower 11 bits of internal data are 
substituted for the upper 12 bits appearing at 
the source address port (X) during a standard 
transform cycle. This allows user verification of 
algorithm mathematics during debug. Since the 
TM bit is registered and cannot be changed 
during a single clock cycle, two distinct clock 
cycles are required to access both the MSW 
and LSW of the internal accumulator. 
See Figure 3. 

Figure 3. Test Mode Data Routing 



Table 1. Parameter Registers - Row Sequencer 




^ x 11-0 /T 11-0 



WALK COUNTER} / 



CA7-4 



Address 


Name 


Description 


0000 


XMIN 


Left side of Source Window 


0001 


XMAX 


Right side of Source Window 


0010 


Xg (LSW) 


Source starting point - X coordinate 


0011 


Xq (MSW) 


Source starting point - X coordinate 


0011 


Controls 


Mode Select Bits 


0100 


dX/dUg (LSW) 


Row/Row first differential 


0101 


dX/dUg (MSW) 


Row/Row first differential 


0101 


TM, FOV 


Test Mode Field of View 


0110 


dX/dVg (LSW) 


Row/Column first differential 


0111 


dX/dVg (MSW) 


Row/Column first differential 


0111 


Kernel 


Resampling/Filtering Kernel 


1000 


d 2 X/dUdV (LSW) 


Mixed second differential 


1001 


d 2 X/dUdV (MSW) 


Mixed second differential 


1010 


d 2 X/dU 2 (LSW) 


Row second differential 


1011 


d 2 X/dU 2 (MSW) 


Row second differential 


1100 


d 2 X/dV 2 (LSW) 


Row/Column second differential 


1101 


d 2 X/dV 2 (MSW) 


Row/Column second differential 


1110 


UMIN 


Left edge of Final Image 


1111 


UMAX 


Right edge of Final Image 


Table 2. F 


Parameter Registers 


- Column Sequencer 


Address 


Name 


Description 


0000 


YMIN 


Top of Source Window 


0001 


YMAX 


Bottom of Source Window 


0010 


Yg (LSW) 


Source starting point - Y coordinate 


0011 


Yg (MSW) 


Source starting point - Y coordinate 


0011 


Controls 


Mode Select Bits 


0100 


dY/dUg (LSW) 


Column/Row first differential 


0101 


dY/dUg (MSW) 


Column/Row first differential 


0101 


TM, FOV 


Test Mode, Field of View 


0110 


dY/dVg (LSW) 


Column/Column first differential 


0111 


dY/dVg (MSW) 


Column/Column first differential 


0111 


Kernel 


Resampling/Filtering Kernel Size 


1000 


d 2 Y/dUdV (LSW) 


Mixed second differential 


1001 


d 2 Y/dUdV (MSW) 


Mixed second differential 


1010 


d 2 Y/dU 2 (LSW) 


Column/Row second differential 


1011 


d 2 Y/dU 2 (MSW) 


Column/Row second differential 


1100 


d 2 Y/dV 2 (LSW) 


Column second differential 


1101 


d 2 Y/dV 2 (MSW) 


Column second differential 


1110 


VMIN 


Top edge of Final Image 


1111 


VMAX 


Bottom edge of Final Image 
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Table 3. Parameter Registers Binary Format (Row Or Column Sequencer) 



Addr 


Formal 


Limits 




MSB 






















LSB 


Dec 


Hex 


nnnn* 


2 11 


2 10 


29 


2 B 


2' 


2 6 


2= 


2' 


23 


22 


21 


2" 


4095 
0 


FFF 
000 


0001* 


2 11 


2 10 


29 


2 8 


2> 


2 6 


25 


2« 


23 


22 


21 


2° 


4095 
0 


FFF 
000 


0010 


2 6 


2 5 


2* 


23 


22 


21 


20 


2-' 


2-2 


2-3 


2-4 


2-5 


4096- 2-5 


0FFF.F8 


0011 














-2« 


2 11 


2 10 


29 


2 8 


2' 


-4096 


F000.00 


0011 


ALR 


AIN 


PIPE 


RIC 


M, 


M0 


















(Control) 






























0100 


2 -1 


2 -2 


2-3 


2-4 


2-5 


2-6 


1-1 


2 -8 


2-9 


2 -10 


2-11 


2-12 


128-2" 12 


007F.FFF 


0101 










-2? 


2 6 


$ 


2" 


23 


22 


2' 


2» 


-128 


FF80.000 


mm* 

UIUI 


TM 


22 


21 


2° 






















(TM, FOV) 






























0110 


2 -1 


2-2 


2-3 


2-4 


2 -5 


2-6 


1-1 


2 -8 


2-9 


2 -10 


2-11 


2-12 


128-2" 12 


007F.FFF 


0111 










-2? 


2 6 


f 


2* 


23 


22 


2' 


2" 


-128 


FF80.000 


0111* 


23 


22 


2' 


2° 






















kernel) 






























1000 


2 -9 


2 -10 


2-11 


2-12 


2-13 


2-14 


2-15 


2 -16 


2-17 


2 -18 


2-19 


2 -20 


8-2-2" 


0007.FFFFF 


1001 


-23 


22 


21 


2° 


2 -1 


2-2 


2-3 


2-4 


2-5 


2-6 


2 -7 


2 -B 


-8 


FFF8.0O000 


1010 


2-9 


2 -10 


2-11 


2-12 


2-13 


2-14 


2-15 


2 -16 


2 -17 


2 -18 


2 -19 


2 -20 


8-2-20 


0007.FFFFF 


1011 


-23 


22 


2' 


2 0 


2 -1 


2-2 


2-3 


2-4 


2-5 


2-6 


2-7 


2-8 


-8 


FFF8.00000 


1100 


2-9 


2 -10 


2-11 


2 -12 


2-13 


2-14 


2-15 


2 -16 


2-17 


2 -18 


2 -19 


2 -20 


8-2-20 


0007.FFFFF 


1101 


-23 


22 


21 


2° 


2-1 


2-2 


2-3 


2 -4 


2-5 


2-6 


2-7 


2-8 


-8 


FFF8.00000 


1110' 


2 11 


2 10 


29 


2« 


1 


2 6 


25 


2* 


23 


22 


21 


2° 


4095 
0 


FFF 
000 


1111* 


2 11 


2 10 


29 


2« 


2> 


2 6 


25 


2< 


23 


22 


21 


2» 


4095 
0 


FFF 
000 



* unsigned binary notation 

A "-" indicates MSB is sign bit 
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Operation of the Transformation Parameter 
Registers 

Numerous applications require the ability to update the 
coordinate transformation parameters "on the fly." 
Because the parameters are double-buffered, the user 
can load any or all of them into the preload registers 
without upsetting the operation in progress. Then LDR 
(load data registers) will update all transform parameters 
to the new values simultaneously. This feature is 
particularly valuable for "pin cushion" and "fish eye" 
transformations, or polar -to -rectangular conversions, 
which cannot be performed with constant second 
derivatives. The Autoload function updates the preload 
registers at the beginning of a new image automatically. 
See the Transformation Control Parameters section. Note 
also th at data can be loaded in to the registers while 
NOOP is active (LOW). 



Figure 4. Operation of LDR Control for Parameter 
Update 
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Figure 5. Timing Diagram 
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Notes: 



1. t^ and tQ|^) are guaranteed to allow full speed operation in the standard two -device architecture. See text. 

2. All outputs except END. See text. 
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Figure 6. Equivalent Input Circuit 
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Figure 7. Equivalent Output Circuit 
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Figure 8. Transition Level for Three- State Measurement 




Note: 



HIGH IMPEDANCE |\ 



1. All outputs except CZERO, ACC, END and DONE. 



Absolute maximum ratings (beyond which the device may be damaged) 1 



Supply Voltage -0.5 to +7.0V 

Input Voltage -0.5 to (V DD +0.5)V 



Output 



Applied voltage 2 

Forced current 3 - 4 

Short-circuit duration (single output in HIGH state to ground) . 



-0.5 to (V DD +0.5)V 

-1.0 to + 6.0mA 

1 sec 



Temperature 



Operating, case 

junction 

Lead, soldering (10 seconds) . 
Storage 



-60 to +130°C 

175°C 

300°C 

-65 to +150°C 



Notes: 



1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 
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Operating conditions 





Temperature Range 






Standard 


Extended 




Parameter 


Min 


Norn 


Max 


Min 


Norn 


Max 


Units 


Vpo Supply Voltage 


4.75 


5.0 


5.25 


4.5 


5.0 


5.5 


V 


V|l Input Voltage, Logic LOW 






0.8 






0.8 


V 


V| H Input Voltage, Logic HIGH 


2.0 






2.0 






V 


IqL Output Current, Logic LOW 






8.0 






8.0 


mA 


IqH Output Current, Logic HIGH 






-4.0 






-4.0 


mA 


T A Ambient Temperature, Still Air 


0 




70 








°C 


Tq Case Temperature 








-55 




125 


°C 



DC characteristics within specified operating conditions 1 







Temperature Range 








Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


'dDQ Supply Current, Quiescent 


Vqq = Max, V| N = 0V 




5 




5 


mA 


'DDU Supply Current, Unloaded 


V DD = Max, f = 15MHz 




75 




75 


mA 


l|L Input Current, Logic LOW 


V DD = Max, % = 0V 


-10 


+ 10 


-75 


+75 




l|H Input Current, Logic HIGH 


Vqq = Min, V, N = V DD 


-10 


+10 


-75 


+75 




V 0L Output Voltage, Logic LOW 


Vqq = Min, Iql = Max 




0.4 




0.4 


V 


Vqh Output Voltage, Logic HIGH 


Vqq = Min, Iqh = Max 


2.4 




2.4 




V 


'OZL Hi ~ z 0ut P ut Leakage Current, Output LOW 


Vqq = Min, V| N = 0V 


-40 


+ 40 


-40 


+ 40 




l 0ZH Hi-Z Output Leakage Current, Output HIGH 


Vqq = Min, V, N = Vqq 


-40 


+ 40 


-40 


+ 40 


Uk 


IqS Short- Circuit Output Current 2 


Vqq = Max, Output HIGH, one pin to ground, 
one second duration max. 




-100 




-100 


mA 


C| Input Capacitance 


T A = 25°C, f = 1MHz 




10 




10 


pF 


Cq Output Capacitance 


T A = 25°C,f = 1MHz 




10 




10 





Notes: 

1. Actual test conditions may vary from those shown, but guarantee operation as specified. 

2. Guaranteed but not tested. 
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AC characteristics within specified operating conditions 



Parameter 


Test Conditions 


Temperature Range 


Units 


Standard Extended 


-1 


Min 


Max 


Min 


Max 


Min 


Max 


tQY Cycle Time 


V DD = Min 


55 




66 




66 




ns 


t pwL Clock Pulse Width LOW 


Vqq - Min 


25 




30 




30 




ns 


t pwH Clock Pulse Width HIGH 


Vgg = Min 


25 




30 




30 




ns 


15 Input Setup Time 1 




18 




20 




20 




ns 


t^j Input Hold Time 


2 




2 




2 




ns 


t H(i ) Input Hold Time, INTER 


10 




10 




10 




ns 


t D Output Delay 2 


V DD = Min, C L0AD = 40pF 




27 




35 




35 


ns 


t D | E ) Output Delay, END 1 


Vgg = Min, C L0AD « 10pF 




37 




45 




45 


ns 


t^g Output Hold Time 2 


Vgg = Max, C L0AD = 40pF 


5 




5 




5 




ns 


t H0(E ) Output Hold Time, END 


Vgg = Max, C L0AD = 10pF 


10 




10 




10 




ns 


l DIS Three -State Disable Delay 


Vgg = Min, C L0AD = 40pF 




18 




20 




20 


ns 


l ENA Three -State Enable Delay 


Vgg = Min, C L0AD = 40pF 


27 




35 




35 




ns 



Notes: 

+ to = tCY max - 
2. Excluding output pin END. 



Applications Discussion 
Basic Operation 

Each TMC2301 pair contains address controllers which execute 
patterns much like the following FORTRAN 3-!evel nested DO 

loop: 

1. The inner loop is a clockwise outgoing spiral "walk" through 
the N -element coefficient kernel. 

2. The middle loop is a left -to -right "scan" along each row 
of the output image space. 

3. Finally, the outer loop is a top -to -bottom "scan" down 
each column of the output image space. 

A typical one -pass image transformation proceeds as follows: 

1. The device pair outputs the addresses (Xg, Yg), which is the 
first point in the source image, and (CAX, CAY), the 
interpolation lookup table address for the first pixel in the 
kernel. The output ACC goes LOW, causing the external 
accumulator to load the first product without summation, 



clearing the accumulator. 

2. For the next N cycles, the IRS walks through an outward 
clockwise spiral in (x, y) space, accumulating 

pixel -interpolation coefficient products. The spiral sequence 
is depicted in Figure 9. 

3. After the completion of the first spiral walk, the IRS outputs 
the tar get ad dress of the first pixel, (UMIN, VMIN) and the 
control UWRI^jjIong with th e initial (X, Y) values of the next 
spiral walk. ACC and UWRI can be delayed by one clock 
cycle by setting the control bit PIPE to 1 (HIGH), simplifying 
the task of interfacing the TMC2301 to buffered source 
image memory. 

4. After the last cycle of the next spiral, UWRI again goes 
LOW for one clock, and the target address outputs are 
updated, pointing to the location of the pixel calculation just 
completed, IUMIN .+ 1, VMIN). 
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5. The third spiral walk begins with AC C goi ng LOW, and ends 
with (UMIN + 2, VMIN) output and UWRI going LOW. 

6. he procedure continues until (UMAX + 1, VMIN) is reached, 
at which point the device resets to U (position within row) 
and increments V (number of row). Thus, the next (U, V) set 



after (UMAX + 1, VMIN) will be (UMIN, VMIN + 1), 
followed by (UMIN + 1, VMIN + 1), etc. 

7. Upon completion of the walk corresponding to 
(UMAX + 1, VMAX + 1), the TMC2301 will generate a 
DONE flag with the final UWRI, and begin a new sequence. 



Figure 9. Timing Diagram and Pixel Map Showing Outward Clockwise Spiral Walk Generated by TMC2301 
(2x2 Kernel Shown) 



PIPE = 0 < 



PIPE = 1 « 




Notes: 



1. Assumes that OETA is LOW and N00P is HIGH. 

2. Timing Parameters are not shown on this diagram. 
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On any given clock cycle, the actual (X, Y) and (U, V) 
outputs of the IRS are given by the following equations: 

x = X 0 + dX/dU 0 *m + dX/dV 0 *n + d 2 X/dUdV*m*n 

+ d 2 X/dl) 2 *(m 2 - m)/2 + d 2 X/dV 2 *(n 2 - n)/2° 

+ FOV*CAX(w) + FOV*m*CAX(Ker) 
y =Y 0 + dY/dU 0 *m + dX/dV 0 *n + d 2 Y/dUdV*m*n 

+ d 2 Y/dU 2 *(m 2 - m)/2 + d 2 Y/dV 2 *(n 2 - n)/2° 

+ FOV*CAY(w) + FOV*m*CAY(Ker) 

u = UMIN + m 
v=VMIN + n 

where FOV is the 4 -bit field of view parameter, 
normally set to 1 so that the spiral walk proceeds in 
single -pixel steps. Setting FOV to 4 would expand the 
spiral walk, allowing the user to trade two bits of image 
size for two bits of additional interpixel positioning 
resolution. CAX(w) and CAY(w) are the current value of 
the coefficient address outputs, and CAXjKER] and 
CAY(KER) are the terminal values of each pixel walk. The 
CA(KER) terms arise because the IRS computes each 
new walk's starting point from the previous spiral walk's 
end point, rather than its starting point. 

Interpolation Coefficient Lookup Table Addressing 

The external coefficient lookup table RAM stores the 
interpolation values used to calculate the value of the 
new pixel. These values are selected by the user, 
allowing maximum filtering flexibility. In simple filtering 
applications, all 8 bits of coefficient address are available 
to access up to 256 interpolation coefficients, for kernels 
of 16x16 pixels. This address is generated by the 
internal walk counter of the TMC2301. In most 
applications, the same Kernel parameter value is selected 
in both IRS devices; thus, the Coefficent Address outputs 
CA7_g for the X and Y devices are identical, and the 
user needs only one of the 8 -bit buses for memory 
access. 

Applications executing a coordinate transformation, 
however, will almost always generate non- integer 
source pixel addresses; that is, the U (or V) locations will 
not map to the X (or Y] addresses exactly, and fractional 
address components are generated. The user then must 
account for this spatial offset in both dimensions by 
storing the appropriate corrected interpolation kernel 
values in the lookup table. The 8 -bit address bus is 
broken up into two parts: the fractional portion (upper 4 
bits), and the walk counter (lower 4 bits). Thus, in 



resampling applications, the maximum kernel size is 4x4 
pixels, or 16 locations. As in the filtering example, 
assuming that the user has selected the same kernel size 
for both IRS devices, the 4 bits of least -significant 
address generated by both devices will be identical, and 
redundant. The four most significant address bits, 
however, will reflect the current fractional offsets of the 
resampled pixel from the nearest X (Y) location, to a 
spatial resolution of 4 bits, in the X (or Y) directions. 
Utilization of the 12 bits (total) of lookup table address is 
left to the user, to be arranged as desired for memory 
access. See Figure 3. 

Application Examples 

One of the more common applications for the TMC2301 
is simple static filtering. In this case the source and 
target memories locations are identical and no coordinate 
transformation is performed. The (X, Y) and (U, V) 
outputs listed in Table 4 show the address sequencing 
generated by the TMC2301 to execute the walk of a 
5x5 pixel interpolation kernel. The normalized 
coefficients shown implement a first -order Butterworth 
Low Pass Filter with cutoff radius of 1/VZ Note that the 
(U, V) output address is updated following the completion 
of the walk for that location. 



Figure 10. Pixel Map Showing Walk Sequence for 
5x5 Static Filter 
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Table 4. IRS Outputs for Static Filter Illustrated in 
Figure 10 



Cycle 


X 


Y 


Index (CA) 


Coefficient 


U 


V 


1 


3 


4 


0 


0.2176 


2 


4 


2 


4 


4 


1 


0.0725 


2 


4 


3 


4 


5 


2 


0.0435 


2 


4 


4 


3 


5 


3 


0.0725 


2 


4 


5 


2 


5 


4 


0.0435 


2 


4 


6 


2 


4 


5 


0.0725 


2 


4 


7 


2 


3 


6 


0.0435 


2 


4 


8 


3 


3 


7 


0.0725 


2 


4 


9 


4 


3 


8 


0.0435 


2 


4 


10 


5 


3 


9 


0.0198 


2 


4 


11 


5 


4 


10 


0.0272 


2 


4 


12 


5 


5 


11 


0.0198 


2 


4 


13 


5 


6 


12 


0.0128 


2 


4 


14 


4 


6 


13 


0.0198 


2 


4 


15 


3 


6 


14 


0.0272 


2 


4 


16 


2 


6 


15 


0.0198 


2 


4 


17 


1 


6 


16 


0.0128 


2 


4 


18 


1 


5 


17 


0.0198 


2 


4 


19 


1 


4 


18 


0.0272 


2 




20 


1 


3 


19 


0.0198 


2 




21 


1 


2 


20 


0.0128 


2 




22 


2 


2 


21 


0.0198 


2 




23 


3 


2 


22 


0.0272 


2 




24 


4 


2 


23 


0.0198 


2 




25 


5 


2 


24 


0.0128 


2 




26 


4 


4 


0 


0.2175 


3 





Figure 11 illustrates the sequence for a bilinear resampling of a 
63° rotation. The starting point is translated +1 in the 
Y-direction. A common rotation matrix might be: 

dX/dUrj = cos (al = .6 dY/dUo = sin (a) = .8 
dX/dV 0 = -sin (a) = -.8 dY/dVg = cos (a) = .6 



However, we have included a linear compression factor of 5:1, 
and must accommodate the fact that each time u is 
incremented, the start of the new walk is referenced to the 
END of the previous walk. Given these corrections, the rotation 
matrix becomes: 



dX/dUg = 5cos(a) = 3 
dX/dVg = -5sin(a) = -4 
Kernel = 1 



dY/dUo - 5sin(a)-F0V = 3 
dY/dVg = 5cos(a) = 3 



Figure 11. Pixel Map Showing Parameters for 63° Rotation 
and 5:1 Compression Listed in Table 5 



\ 
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Table 5. IRS Outputs for Operation Illustrated in Figure 11 



Cycle 


y 
A 


Y 

i 


InoBX 


II 
u 


V 


1 


5 


5 


0 


4 


5 


2 


6 


5 


1 


4 


5 


3 


6 


6 


2 


4 


5 


4 


5 


6 


3 


4 


5 


5 


8 


9 


0 


5 


5 


6 


9 


9 


1 


5 


5 


7 


9 


10 


2 


5 


5 


8 


8 


10 


3 


5 


5 


9 


11 


13 


0 


6 


5 


10 


12 


13 


1 


6 


5 


11 


12 


14 


2 


6 


5 


12 


11 


14 


3 


6 


5 


13 


14 


17 


0 


7 


5 


14 


15 


17 


1 


7 


5 


15 


15 


18 


2 


7 


5 


16 


14 


18 


3 


7 


5 


17 


1 


8 


0 


8 


5 


18 


2 


8 


1 


8 


5 


19 


2 


9 


2 


8 


5 


20 


1 


9 


3 


8 


5 


21 


4 


12 


0 


5 


6 


22 


5 


12 


1 


5 


6 


23 


5 


13 


2 


5 


6 


24 


4 


13 


3 


5 


6 


25 


7 


16 


0 


6 


6 


26 


8 


16 


1 


6 


6 


27 


8 


17 


2 


6 


6 


28 


7 


17 


3 


6 


6 


29 


10 


20 


0 


7 


6 


30 


11 


20 


1 


7 


6 


31 


11 


21 


2 


7 


6 


32 


10 


21 


3 


7 


6 


33 


0 


15 


0 


8 


6 



Figure 12 may help clarify the relationships among (Xg, Ygl, 
(XMIN, YMINI, (XMAX, YMAXI, (UMIN, VMIN), and 
(UMAX, VMAXI. With positive first derivatives, (Xg, Yg) and 
(UMIN, VMIN) represent the upper left corners of the original 
image and the new destination field, respectively. The lower 



right corner of the transformed image is located at 
(UMAX + 1, VMAX + 1); the location of the corresponding 
corner of the original image depends on the values of the 
derivatives. Not to be confused with (Xg, Yg), the points 
(XMIN, YMIN) and (XMAX, YMAX) define the "usable" 
rectangular portion of the original image; points (X, Y) lying 
outside this region are ignored in most resampling and filtering 
applications. This feature permits one to construct a mosaic of 
several abutting subimages in the (x, y) plane, without danger 
of edge effect interference between adjacent subimages. Note 
in the figure that the upper left and lower left corners of the 
original image lie outside the admissible region; in practice, the 
values fetched at these locations will not be included in the 
convolutional sums. 



Figure 12. Pixel Maps Demonstrating Source and 
Destination Image Boundaries and Image Clipping 
(Note Shaded Area) 




(UMAX, VMAX) 



Note: Assume O0Oh<X<FFFh 
OOOh < Y < FFFh 
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Application Note 

Nearest Neighbor Operation — Additional 
Timing Details 

Example A, PIPE = 0 

Inspecting Figure 201: 

PIPE = 0, KER = 0 (near neighbor), AUTOIN = 1 (on), 

UMN = 0, UMX = 5, VMN = 0, VMX = 5, 

DX/DU = 1,DY/DV = 1,XO = 0 

First rising edge of CLK after INIT falling edge is #0. 

Rable entries are events after listed clock rising edge. 

END, DONE flags » 0, except where shown as 1 . 

UWRI goes low and remains low with CLK #2. 
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Example B. PIPE = 1 

Now, referring to Figure 202: 

PIPE = 1. KER - 0 (near neighbor), AUTOIN = 1 (on), 

UMN = 0, UMX = 5, VMN = 0, VMX = 5, 

DX/DU = 1,DY/DV-1,XO = 0 

First rising edge of CLK after INIT falling edge is #0. 

Table entries are events after listed clock rising edges. 

END, DONE, flags = 0, except where shown as 1 . 

UWRI goes low with CLK #3, stays low. Otherwise, the 

timing is the same as Figure 201, i.e., pipeline delays UWRI 

and ACC by one clock cycle. 

Bilinear Interpolation 

Example C. PIPE = 0 

From Figure 203, we can see the following: 

PIPE = 0, KER - 1 (bilinear), AUTOIN = 1 (on), 

UMN = 0, UMX = 5, VMN = 0, VMX = 5, 

DX/DU = 1, DY/DV = 1, YO = 0, XO = 0 

First rising edge of CLK after INIT falling edge is #0. 

Table entries are events after listed clock rising edges. 

END, DONE flags = 0, except where shown as 1 . 
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Performing Larger Interpolation Kernels 

With PIPE = 0, AUTOINIT = 1 , and the following 
definitions: 

Txdone = Clock cycle of final X address of a transform. 
Txend = Clock cycle of final X address along a row. 
KER = (K + 1)(K + 1), where K is the value in the "kernel 
size" parameter register. 

The following relationships hold true: 

First X address - valid 3 rising clock edges after INIT's 
failing edge. 



Examples: 

D. KER = 0 (nearest neighbor), UMIN = 0, UMAX = 3, 
UMIN = 0, VMAX = 2 

If first CLOCK edge after INIT goes low is 0, then: 

First x, y out (= XO, YO) appears after CLOCK edge 2. 

First u, v out (= 0, 0) appears after CLOCK edge 3. 

END is high after CLOCK edge 13 only. 

DONE is high after CLOCK edge 1 6. 

Last x out appears after CLOCK edge 1 6. 

Last u, v out (= 4, 2) appears after CLOCK edge 1 7. 

E. KER = 1, (1 pass bilinear), UMIN = 0, UMAX = 4, 
VMIN = 1,VMAX = 3 

If first CLOCK edge after INIT goes low is 0, then: 

First x, y out (= XO, YO) appears after CLOCK edge 2. 

First u, v out (= 0, 1) appears after CLOCK edge 6 and 

remains through edges 7, 8 and 9. 

END is high after CLOCK edge 92, goes low after 96. 

DONE is high after CLOCK edge 100 only. 

Last x out appears CLOCK edge 101 . 

Last u, v out (= 5, 3) appears after CLOCK edge 1 02 

and remains through edges 1 03, 1 04 and 1 05. 



END FLAG - goes HIGH for KER cycles at clock cycle 
Txend -1-2*KER. Otherwise stated, END 
is active for one walkaround starting two 
walkarounds and one cycle prior to the 
final source address of a row. 

DONE FLAG -goes HIGH for one cycle at clock cycle 
Txdone -1 • Otherwise stated, DONE is 
active for one clock cycle one cycle prior 
to the last source address of the final 
walkaround. 
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Figure 203 
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Ordering Information 



Product 
Number 


Temperature Range 


Screening 


Package 


Package 
Marking 


TMC2301G8C2 

TMC2301G8V 

TMC2301G8V1 


STD-T A =0°C to 70°C 
EXT-T C =-55°C to 125°C 
EXT-T C =-55°C to 125°C 


Commercial 

MIL-STD-883 

MIL-STD-883 


68 Pin Grid Array 
68 Pin Grid Array 
68 Pin Grid Array 


2301 G8C2 
2301 G8V 
2301 G8V1 


TMC2301H8C 
TMC2301H8C1 


STD-T A =0°C to 70°C 
STD-T A =0°C to 70°C 


Commercial 
Commercial 


68 Pin Grid Array 
68 Pin Grid Array 


2301H8C 
2301 H8C1 


TMC2301L1V 
TMC2301L1V1 


EXT-T C =-55°C to 125°C 
EXT-T C =-55°C to 125°C 


MIL-STD-883 
MIL-STD-883 


68 Leaded Hermetic Ceramic Chip Carrier 
68 Leaded Hermetic Ceramic Chip Carrier 


2301 L1V 
2301 L1V1 


TMC2301R1C 
TMC2301R1C1 
TMC2301R1C2 


STD-T A =0°C to 70°C 
STD-T A =0°C to 70°C 
STD-T A =0°C to 70°C 


Commercial 
Commercial 
Commercial 


68 Lead Plastic J-Leaded Chip Carrier 
68 Lead Plastic J-Leaded Chip Carrier 
68 Lead Plastic J-Leaded Chip Carrier 


2301 R1C 
2301 R1 CI 
2301 R1C2 
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TMC2302 

Image Manipulation Sequencer 

40 MHz 



Description 

The TMC2302 is a high-speed selteequencing VLSI 
circuit address generator which supports image 
resampling, rotation, rescaiing, warping, and filtering. It 
generates input bit plane, interpolation coefficient lookup 
table, and output bit plane memory addresses along with 
pixel interpolator control signals. 

Similar in architecture to the TMC2301 Image 
Resampling Sequencer, the TMC2302 features 
numerous enhancements. In addition to an increase in 
the maximum clock rate to 40 MHz, the device offers 
three-dimensional address generation and implements 
two-dimensional image transformation polynomials of up 
to third order. 



The TMC2302 can process image data fields with up to 
24 bits of binary resolution (224 pixels) per dimension, 
with 0 to 16-bit subpixel resolution. 

A system based on two TMC2302s can nearest- 
neighbor resample a two-dimensional 512 x 512 pixel 
image in 6.5 milliseconds, translating, rotating, or 
warping it depending on the user-selected 
transformation parameters. A complete bilinear 
interpolation of the sample image can be completed in 
26 milliseconds, while a nearest-neighbor resampling of 
a 3D image 128 pixels on a side takes only 53 
milliseconds with three TMC2302s. Image resampling 
speed is independent of angle of rotation, degree of 
warp, or amount of zoom specified. 
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Features 

• Asynchronous Loading Of Control Parameters 

• Rapid (25ns Per Pixel) Rotation, Warping, Panning, 
And Scaling Of Images 

• Three-Dimensional Image Addressing Capability 

• General Third-Order Polynomial Transformations In 
Two Dimensions Implemented On-Chip; Three- 
Dimensional Transformation Of Up To Order 1.5 Also 
Supported 

• Flexible, User-Configurable Pixel Datapath Timing 
Structure 

• Static Convolutional Filtering Of Up To 16x16 Pixel 
(One-Pass), 256 x 256 Pixel (Two-Pass) Or 

256 x 256 x 256 Pixel (Three-Pass) Windows 



• User-Selectable Source Image Subpixel Resolution of 
2-8 to 2-16 

• 24-Bit (Optional 36-Bit) Positioning Precision Within 
The Source Image Space, 48-Bit Internal Precision 

• Low Power CMOS Process 

• Available In A 120 Pin Plastic Pin Grid Array 

Applications 

• High-Performance Video Special-Effects Generators 

• Guidance Systems 

• Image Recognition, Robotics 

• High-Precision Image Registration (LANDSAT 
Processing) 
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Pin Assignments - 120 Pin Plastic Pin Grid Array, H5 Package 
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Functional Description 
General Information 

The TMC2302 is a versatile, high-performance address 
generator which can control, under user direction, 
filtering or remapping of two or three-dimensional 
images by resampling them from one set of Cartesian 
coordinates (x, y, z) into a new, transformed set (u, v, w). 
Most applications utilize two identical devices for two- 
dimensional, or three devices for three-dimensional, 
image processing. The host CPU initializes the system by 
loading the input image buffer RAM with the source 



image pixel data and the TMC2302s with the image 
transformation and system configuration control 
parameters. These parameters are loaded by a separate, 
asynchronous input clock. The IMS-based system then 
executes the entire transformation as programmed, 
generating a DONE flag upon completion of the 
transform. The user can program the chip to repeat the 
transform continuously or to halt at the end. 
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General Information (cont.) 

The IMSs continuously compute the target bit plane 
(u, v) or bit space addresses (u, v, w) in typical line-by- 
line, raster-scan serial sequence. For each output pixel 
address, they compute the corresponding remapped 
source image coordinates, each of whose upper 24 bits 
become the source bit plane addresses (x, y). An 
additional lower twelve bits are available through the 
target address port in the optional extended address 
mode. Source image addresses may be generated at up 
to 40MHz, with the corresponding target image 
addresses then appearing at up to (40/k)MHz, where "k" 
is the size of the interpolation kernel implemented. In 
the two-device system, one TMC2302 computes the 
horizontal coordinates x and u while the other generates 
the y and v (vertical) addresses. In a three-dimensional 
system, one additional device would provide the z and w 
(depth or time) coordinates. 

To support a wide range of image transformations, the 
"row" or x/u device implements a 16-term polynomial of 
the form: 

x = a + bu + cu 2 + du 3 + ev + fvu + gvu 2 + hvu 3 + iv 2 
+ jv 2 u + kv 2 u 2 + lv 2 u 3 + mv 3 + nv 3 u + ov 3 u 2 + pv 3 u 3 

where a through p are the user-defined image trans- 
formation parameters. The TMC2302 steps sequentially 
through the pixels within a user-defined rectangle in the 
target image space, computing the "old" source image 
address (x, y, z) corresponding to each "new" target 
image pixel (u, v, w). User-programmable flags are 
available to indicate when the source and target image 
addresses have fallen outside of a defined rectangular 
area, simplifying the generation of complex images or 
image windows. 

In the three-dimensional mode, the x/u transformation 
equation is: 

x = a + bu + ev + kw + fuv + ivw + luw + juvw 

See "The Image Transformation Polynomial" section of 
the Applications Discussion . 



The TMC2302 utilizes an external multiplier- 
accumulator or interpolator, connected to the system 
clock, to calculate the interpolated pixel value for each- 
color. The products of the original source image pixel 
values surrounding the remapped pixel location (interpo- 
lation kernel) and the appropriate weights stored in the 
coefficient lookup table are summed. The resulting new 
interpolated image pixel value is then stored in the 
corresponding (U, V, W) memory location in the target 
image memory buffer. Next, the target image address is 
incremented by one in the "u" direction until UMAX is 
reached (end of line), when U is reset to UMIN, and the 
V counter is incremented to give the first pixel location 
in the next line. The process is repeated, proceeding 
line-by-line through the image, until VMAX is reached. In 
the case of three-dimensional images, the IMS system 
also steps through each page in the image, incrementing 
in the "w" direction with the completion of each image 
plane until WMAX is reached, and the transformation is 
complete. 

The Image Manipulation Sequencer can support any 
nearest-neighbor, bilinear interpolation, or cubic 
convolution resampling, according to the user's require- 
ments. Interpolation kernels of more than one pixel 
require an external interpolation coefficient lookup table 
and multiplier-accumulator. One, two, and three-pass 
algorithms are supported. For each output point in a 
typical two-dimensional single-pass static image filter, the 
TMC2302 implements a spiralling pixel resampling 
algorithm, "walking" around the resampling neighborhood 
in two dimensions and generating the appropriate coeffi- 
cient table addresses to sum up the interpolated pixel 
value in the external pixel interpolator. At the end of 
each walk, the TMC2302 will advance one pixel along 
the output scan line and then execute the walk for that 
next pixel. When performing multiple-pass interpolation, 
the TMC2302 system proceeds along only one dimension 
per pass, which requires dimensionally separable, prefer- 
ably orthogonal, coefficients. 
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Figure 1. Image Resampling Geometry Showing Two-Dimensional Image Rotation and Expansion 
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NOTES: 1 . Coordinate transformation U, V pixel mapped into X, Y coordinates. 
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2. Bilinear pixel interpolation walk. New U, V pixel intensity calculated from surrounding X, Y pixel neighborhood. 2 1 244A 



A basic, two-dimensiQnal TMC2302-based system is 
shown in Figure 2. In this typical arrangement, two 
Image Manipulation Sequencers process the image. The 
only other components needed beyond the source and 
target image buffer memories are a multiplier- 



accumulator or pixel interpolator such as the TRW 
TMC2246 Image Mixer or TMC2250 Matrix Multiplier, 
and the Interpolation Coefficient Lookup Table RAM or 
ROM. 
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Figure 2. Basic Two-Dimensional Image Convolver Using TMC2302 IMS with Typical 8-Bit Data Path 
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Signal Definitions 

Power 

VDD, GND The TMC2302 operates from a single +5V 
supply. All pins must be connected. 



Clock 

CLK 



IWR 



it 



2x16, 
/ — t 



SOURCE 
ADDRESS^ 



SOURCE 
IMAGE 
BUFFER 
RAM 



CLOCK - 



si 



ACC 

> X,Y,P 

Y TMC2246, 
TMC2250 
OR SIMILAR 



DESTINATION 
2x24 . ADDRESS 



WR 



DESTINATION 
IMAGE 
BUFFER 
RAM 



J' 



IMAGE DATA OUT 



The pixel clock of the TMC2302 strobes all 
internal registers except the control 
parameter preload registers. AH timing 
specifications except those are referenced 
to the rising edge of CLK. 

The internal image transformation and 
configuration control parameter registers 
are double buffered to simplify interfacing 
with system controllers. Depending on the 
state of the chip selects ICS, control words 
input to IDAT15-0 and the corresponding 
addresses presented to IADR6-0 are 
strobed into the outer preload registers on 



Inputs 



IADR6-0 



IDAT15-0 
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the rising edge of the Input parameter Write 
clock IWR. The last parameter must be 
loaded twice on two consecutive rising 
edges of IWR V 



The input parameter preload register 
currently indicated by the Input parameter 
register Address IADR6-0 is loaded with the 
data presente d to in put port IDAT on the 
rising edge of IWR, as demonstrated in 
Figure 3. 

Configuration and transformation parameter 
Input Data is presented, along with the 
appropriate input register address word 
IADR6-0, to the parameter Input Data port. 
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Inputs (cont.) 

IDATi5_q IDATi5_g and is latched into the preload 
(cont.) registers on the next rising edge of IWR. 

Preload register updates are disabled by 
the chip select control ICS. See Figure 3. 



Figure 3. Image Transformation and Configuration 
Control Parameters Register Structure 
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The 24-bit address of one dimension (X, Y, 
Z) of the source image pixel value currently 
being resampled is output through the 
Source Address port SADR23-O- This port 
can be forced to the high-impedance state 
by the enable control OES. 

The integer address steps for each 
dimension of the spiral interpolation walk 
performed by the TMC2302, as determined 
by the transform parameter KERNEL, are 
generated by the internal walk counter and 
output at the Coefficient Address output 
port KADR7_g. This port can be forced to 
the high-impedance state by the enable 
control OEK. 

The 12-bit address of one dimension (U, V, 
W) of the target image pixel value just 
resampled is output through the Target 
Address Port TADR^.q. This port is forced 
into the high-impedance state by the 
enable control OET. TADR^.q can be 



INIT 



SYNC 



delayed up to seven clock cycles after the 
nominal sequence shown in Table 1 by 
utilization of the pipeline delay parameter 
PIPTAD. For systems requiring greater 
spatial resolution in the source image than 
that offered by the SADR23-O alone, the 
Target Address Port can be reconfigured to 
output 12 additional LSBs of the source 
address by placing the device into the 
Extended mode, in which case the pipeline 
delay parameter must be set to 0 to 
maintain alignment with the current source 
address port output. See the Device 
Configuration and Control Parameters 
section. 



The input parameter preload register write 
clock IWR, and thus the preloading of all 
configuration and transformation para- 
meters, is disabled on the next clock when 
the registered Input parameter Chip Select 
input is HIGH. When ICS returns LOW, 
they are enabled on the next clock. See 
Figure 3. 

The TMC2302 control logic is cleared and 
initialized for the start of a new image 
transformation, and the internal working 
registers are updated with the contents of 
the current control parameter preload 
registers when the registered control input 
INIT is HIGH. The image transformation 
then commences with the first source 
image pixel address nine clocks later. 

The user can select between continuous or 
one-frame operation with the registered 
input control SYN C. Assu ming that INIT 
remains LOW and NOOP remains HIGH, if 
SYNC remains HIGH at the end of a 
transform the TMC2302 will begin the next 
image transformation without interruption. 
This assumes either that the user is not 
changing the parameter set, or that a new 
set of parameters has already been loaded 
into the preload registers midframe, prior to 
the beginning of the last line in the 
transform. 
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Controls (cont.) 

SYNC If SYNC is LOW during the last clock cycle 
(cont.) of a transform, the device will complete the 
image, having loaded the new transform 
parameter set during the first clock of the 
final line of the transform, and halt in the 
state set on the first clock cycle of the 
next transform. These outputs are held until 
SYNC is again brought HIGH, and operation 
resumes on the next clock. See Figure 5. 

ACC The external pixel interpolator or multiplier- 

accumlator is initialized for a new accumu- 
lation of products by the registered Accu- 
mulator Control output ACC. On the first 
cycle of each interpolation walk, this output 
goes LOW for one cycle, effectively clearing 
the register by loading in only the first new 
resampled pixel value. When performing 
nearest-neighbor resampling, this control 
will remain LOW throughout the entire 
transform. This output can be delayed up 
to seven clock cycles after the nominal 
sequence shown in Table 7 by the pipeline 
delay parameter PIPACC. See the Device 
Configuration and Control Parameters 
section. 



TWR On the last cycle of each interpolation 

walk, the Target Write Enable goes LOW 
for one clock cycle, returning HIGH for all 
but the last cycle of the next walk. When 
performing nearest-neighbor resampling, 
this control will remain LOW throughout 
the entire transform. This output can be 
forced to the high- impedance state by the 
enable control OET, and can be delayed up 
to seven clock cycles after the nominal 
sequence shown in Table / by the pipe- 
line delay parameter PIPTWR. See the 
Device Configuration and Control 
Parameters section. 



NOOP Assuming that INIT remains LOW, the 

internal system clock of the TMC2302 will 
be disabled on the next clock, halting the 
current transf orm, w hen the registered 
contro l input NOOP goes LOW. When 
NOOP returns HIGH, normal operation 



resumes on the next clock. This control 
does not affect the loading of the configu- 
ration and transformation parameter preload 
registers. 

OES The source address port SADR23-O is 

enabled when the asynchro nous output 
enable OES is LOW. When OES is HIGH, 
the port is in the high-impedance state. 

OEK The interpolation coefficient address port 

KADR7_g is enabled when the asynchro- 
nous output enable OEK is LOW. When 
OEK is HIGH, the port is in the high- 
impedance state. 

OET The target address port T ADRn_n and 

target write enable TWR are enabled when 
the asynchronous Target Output Enable OET 
is LOW. When OET is HIGH, these outputs 
are in the high-impedance state. This 
control functions in both the normal and 
extended addressing modes. 

Flags 

SVAL When the current source image address 
component output is within the working 
space defined by the parameters XMIN and 
XMAX (or YMIN, YMAX for the column 
(Y/V) device or ZMIN, ZMAX for the page 
(Z/ W) dev ice), the Source Address Valid 
flag SVAL for that device is LOW. This flag 
will go HIGH on the clock in which the 
corresponding component address falls 
outside the define d region. In a typical 
system, the SVAL outputs of all IMS 
devices are OR'ed together to generate a 
global boundary violation flag. The user 
might then insert zeroes into the pixel 
interpolator to ignore that portion of the 
image outside the defined space, or insert 
a background color or image. This output 
can be delayed up to seven clock cycles 
after the nominal sequence shown in Table 
I by the pipeline delay parameter PIPSVA. 
See the Device Configuration 
and Control Parameters section. 
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Flags (cont.) 

TVAL When the current target image addresses 
are within the working space defined by 
the parameters UMINI and UMAXI, and 
VMINI and VMAXI (and WMINI and 
WMAXI for systems processing three- 
dimension al ima ges), the Target Address 
Valid flag TVAL for that device is LOW. This 
flag will go HIGH on the clock in which 
the current target address outputs fall 
outside the defined region. Since each 
TMC2302 device is programmed with DONE 
distinct MINI/MAX! p arame ters and 
generates a separate TVAL flag, the user 
may define separate two or three- 
dimensi onal t arget space windows for each 
device. TVAL can be delayed up to seven 
clock cycles after the nominal sequence 
shown in Table 7 by the pipeline delay 
parameter PIPTVA. See the Device 
Configuration and Control Parameters 
section. 

ENDD During the last pixel interpolation walk of a 
row (X/U device), the last row in a page 
(Y/V device), or the last page in a three- 



dimensional transform (Z/W device), the 
flag ENDD goes HIGH for the entire walk, 
indicating End of the transform in that 
dimension. It remains LOW otherwise. This 
output can be delayed up to seven clock 
cycles after the nominal sequence shown in 
Table I by the pipeline delay parameter 
PIPEND. See the Device Configuration 
and Control Parameters section. 

On the last clock cycle of the current 
image transform, the DONE flags on all 
TMC2302s go HIGH for one clock cycle. 
On the next clock cycle, all devices output 
the first addresses and control signals for 
the next image transform. If SYNC is LOW, 
the IMS system halts. If SYNC is HIGH, 
operation continues without interruption. 
See "SYNC," in the Controls section. This 
flag can be delayed up to seven clock 
cycles after the nominal sequence shown in 
Table 1 by the pipeline delay parameter 
PIPDON. Also see "PFLS," in the Device 
Configuration and Control Parameters 
section. 
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Package Interconnections 



Signal 
Type 


Signal 
Name 


Function 


H5 Package Pins 


Power 


Vnn 

UU 


Supply Voltage 


C3, C2, F3, G3, J3, L2, L4, L7, LI 1, K1 1, 
J11, H12, G12, F11, D11, A13, A4, B3 


GND 


Ground 


D3, E3, G2, H3, K3, N1, L5, Mil, M12, L12, 
K13, H1 1, Gil, F12, Ell, C12, C1 1, C4, A1 


Clocks 


CLK 


System Clock 


J12 


IWr 


Input Parameter Write Clock 


J13 


Inputs 


IDAT 15 . 0 


Input Parameter Data 


A10, C9, B10, All, B11, CIO, A12, B12, 

R1Q P1Q niO nil C19 E1Q E1Q G1Q 
Dlo, UIO, UIZ, UIO, LIZ, ClO, rlo, ulo 


lADRc n 


Input Parameter Address 


A7, C7, B7, A8, B8, C8, A9 


Outputs 


SADR 23 . 0 


Source Address 


B6, C6, A5, B5, C5, B4, A3, A2, 
B2, B1, CI, D2, D1, E2, El, F2, 
F1, G1, HI, H2, J1, J2, K1, K2 


KADR 7 _ 0 


Coefficient Address 


N2, M3, N3, M4, N4, M5, N5, L6 


TADR n „ 0 


Target Address 


N12, Nil, M10, L9, N10, M9, 
N9, L8, M8, N8, N7, M7 


Controls 


INIT 


Initialize 


K12 


SYNC 


Run/Halt 


H13 


ICS 


Input Parameter Chip Select 


B9 


ACC 


Accumulate 


M1 


TWR 


Target Memory Write Enable 


N6 


iNUur 


No Operation 


1 19 

L 1 0 


OES 


Source Address Output Enable 


A6 


OEK 


Coefficient Address Output Enable 


M2 


OET 


Target Address Output Enable 


M6 


Flags 


SVAL 


Source Address Valid 


L1 


TVAL 


Target Address Valid 


M13 


ENDD 


End of Dimension 


N13 


DONE 


Done 


L10 


No Connects 


NC 


No Connect 


L3 




Index Pin 


D4 
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Table 1. Nominal Output Signal Timing 



SADR 23 _ 0 1 


ACC 


TADR]i_o 


TWR 


END 


DONE 


Xi 1 i n 

1 — 1 , J,U 


0 


Ul 1 M 
L — l,IVI 


1 


0 


0 


X l-U1 


1 


U L-1,M 


1 


0 


0 


X I-1,J,2 
• 


1 


U L-1,M 


1 


0 


0 


• 
• 

X I-UK 


1 


U L-1,M 


0 


1 


0 


X U0 


0 


U L ,M 


1 


1 


0 


X I,J,1 


1 


U U M 


1 


1 


0 


X U2 
• 


1 


U L,M 


1 


1 


0 


• 
• 

X U,K 


1 


U L,M 


0 


1 


1 



Note: 1. KADR 7 _q timing identical. 

The nominal sequence of address and control signals of 
a two-dimensional, single-pass-programmed TMC2302 
system, with all PIPE parameters set to 0, is shown in 
Table 1. Here, the values of the last two new target 
image pixels U[_-1 M anc ' U|_,M are being calculated, and 
the beginning and end of the interpolation walks of 
length K which sample source image pixels in the 
neighborhod of locations (X|_i j, X| j) can be seen. 
Utilizing the arrival of the source image address 
(SADR3i_q) as a reference point, the other signals 



shown can be delayed up to seven clock cycles from the 
nominal timing shown here, allowing the user to 
configure these outputs to match the timing latencies of 
his pixel data path structure. Considerable speed and 
timing variations in image buffer memory, data register, 
and pixel interpolator structure can thus be accomodated, 
with minimal corresponding support hardware. Also see 
"PFLS," in the Device Configuration and Control 
Parameters section. 



Transformation Coefficient and Configuration and 
Control Parameters 

The TMC2302 is intended to act as a co-processor, 
requiring only that the user program the device to 
perform the image transformation desired by loading in 
the appropriate device configuration and transformation 
control parameters discussed in this section. The user 
then issues an "Init" command, allowing his system to 
run unattended until the completion of the image when 
a "Done" flag is generated to inform the host system. 

The capabilities and flexibility of the TMC2302 Image 
Manipulation Sequencer are apparent when reviewing 
the following tables which define the transformation 
coefficient and configuration and control parameters. 
These tables are broken up into two separate groups. 
The first parameters discussed are the control words 
which select the dimension calculated, the functional 
configuration of each device, the working space in which 
they will operate, the size of the interpolation kernel 



desired, and the timing of the various address and 
control signals involved in handling the pixel data 
pipeline. The second parameters are the polynomial 
transform coefficients used in performing image 
manipulation. The TMC2302 utilizes three levels of 
internal 48-bit accumulators to calculate these values by 
forward difference accumulation, generating no significant 
cumulative spatial error for most applications. The user 
must be aware that all internal parameter and coefficient 
registers must be set by the user, including resetting 
after powerup any unused control words or coefficients. 

A major difference between the TMC2302 and the 
TMC2301 is that elimination of the device interconnects. 
Instead, the user programs all X, U, V, and W boundaries 
into all TMC2302 devices. The system's progress through 
the image is monitored by each device independently 
and in parallel. 
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Transformation Coefficient and Configuration and 
Control Parameters (cont.) 

The boundary values are usually identical in all devices in 
order to maintain synchronous operation. 

As mentioned above, the TMC2302 also features user- 
programmable image data pipeline configuration controls. 
All output signals except the source and coefficient 
address outputs can be individually delayed by the user 
up to seven clocks after the nominal system timing 
illustrated in Table 7. This allows the user to software- 
configure the TMC2302s in his system to match his pixel 
interpolator, image buffer, and interpolation coefficient 
RAM structure timing. 

The user can also program the device to continue into 
the next image for a set number of clock cycles after 
the Done flag has appeared. First, this "flushes" the final 
resampled pixel data word through the interpolation 
pipeline, all the way to the target image RAM. Also, 
valid pixel data will then appear on the first clock of the 
next transform independent of the length of the pixel 
pipeline, incurring no lost clock cycles. 

Device Configuration and Control Parameters 

UMIN, The memory addresses of the target image 
VMIN, boundaries corresponding to the top, left 
WMIN side, and front page of the new image 

being generated are defined in all devices 
of the user's system by the parameters 
UMIN, VMIN, and WMIN, respectively. At 
the beginning of the transformation, the 
initial source image coordinate (Xg, Yg, Zg) 
will be mapped to this coordinate set. The 
numeric format assumed is 12-bit unsigned 
binary integer. 

UMAX, The memory addresses of the target image 
VMAX, boundaries corresponding to the bottom, 
WMAX right side, and last page of the image 

being generated are defined in all devices 
by the parameters UMAX, VMAX, and 
WMAX, respectively. These values should 
be greater than the UMIN/VMIN/WMIN 
values defined above. Numeric format 
assumed is unsigned 12-bit binary integer. 

Note: The parameter UMAX must exceed UMIN so as to 
ensure that a minimum of 5 system clock cycles in two- 
dimensional operation, or 15 clock cycles in three- 



dimensional operation, pass between the periods in 
which these two target address values are generated. 
Thus in 2D nearest neighbor operation UMAX must be 
5 greater than UMIN. In 2D bilinear interpolation mode 
(4-pixel two-dimensional kernel), the distance must be 
two pixels in the target image (actually enforcing a 
spacing of 8 system clocks). 

UMINI, The target image addresses corresponding 
VMINI, to those of the top, left side, and front 
WMINI page of the 2 or 3 dimensional region 
indica ted by the valid target address flag 
TVAL are UMINI, VMINI, and WMINI, 
respectively Thus, to define a valid region 
beginning at "m," the MINI parameter 
value is "m." These parameters are 
assumed to be in 12-bit unsigned binary 
integer format. 

UMAXI, The target image addresses one more than 
VMAXI, those of the right side, bottom and back 
WMAXI page of the region indica ted by the valid 
target address flag TVAL are UMAXI, 
VMAXI, and WMAXI, respectively. Thus, to 
define a valid region ending at "n," the 
MAXI parameter value is "n + 1". These 
parameters are assumed to be in 12-bit 
unsigned integer format. 

XMIN, The source image boundaries are defined 
XMAX for each device by the parameters XMIN 
and XMAX, in the case of the row device. 
The column device then contains YMIN 
and YMAX, and the page device (in sys- 
tems performing three-dimensional opera- 
tions) ZMIN and ZMAX. The value of 
XMAX should be greater than XMIN if the 
boundary violation flag SVAL is to operate 
correctly. These values are assumed to be 
in 32-bit unsigned binary integer format. 

PFLS The user can set the number of clock 

cycles that the TMC2302 continues in to 
the next image following the DONE flag, 
allowing his system to Flush all control and 
data pipeline paths and halt after a maxi- 
mum of seven cycles. The numeric format 
assumed is three-bit unsigned binary 
integer. 
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Device Configuration and Control Parameters (cont.) 

PTAD, As mentioned above, the control signals 

PDON, and target image pixel addresses generated 

PEND, by the TMC2302 can be delayed up to 

PTVA, seven clock cycles after the nominal timing 

PSVA, shown in Table 1 by setting the appro- 

PTWR, priate Pipeline delay word. The numeric 

PACC format assumed for all delay words is 
three-bit unsigned binary integer. 

XTND When the user sets the control bit XTND 
to 1, the TMC2302 operates in an 
extended-resolution source address bus 
configuration. Assuming that the user has 
his own raster scan generator available 
elsewhere to manage the flow of output 
pixels from the TMC2302 system, the 
target address output bus TADRii_q is 
reconfigured internally into an extension of 
the source address bus, as SADR-|i_g. The 
original source address bus SADR23-0 is 
then SADR35_12* providing 36 bits of 
spatial resolution in the source address 
space. An XTND of 0 puts the device in 
the standard 24-bit source, 12-bit target 
address configuration. 

E3D Setting this control bit to 0 indicates a 

two-dimensional image transform is to be 
performed. When the E3D is set to 1, a 
three-dimensional image is assumed, using 
three TMC2302 devices. 

DIM The user sets each TMC2302 to operate in 

a specific dimension as follows: 



DIM lf0 


Dimension 


00 


X/U (Row) Device 


01 


Y/V (Column) Device 


10 


Z/W (Page) Device 


11 


No Operation 



FOV 



MODE In systems performing the standard two- 
dimensional spiral interpolation walk, MODE 
is set to 11, indicating single-pass opera- 
tion. When performing multiple-pass 
resampling, the user must set this two-bit 
control word pass-by-pass in all IMSs, to 



implement each pass direction. For instance, 
setting MODE to 00 causes the TMC2302 
system to increment only in the X-direction, 
holding the Y (and Z) addresses constant 
until the end of that pixel walk. On the 
next pass through the image, the user sets 
M0DE=01, with the kernel increment in Y 
only. In 3D, the IMS system then proceeds 
again through the (U, V) target image 
space, walking kernels only along the Z 
direction. 



MODE 10 


Resampling Performed 


00 


X-Pass 


01 


Y-Pass 


10 


Z-Pass 


11 


Two-Dimension Spiral Walk 



This parameter determines the size of the 
interpolation walk performed. To implement 
a convolutional sum of K+1 pixels, the 
parameter KERNEL is set to K, up to a 
maximum of 255. In single-pass operation, 
this value must be identical in all devices, 
giving a square interpolation kernel. In 
multiple-pass operation, however, non- 
square kernels may be implemented, with 
different K values in each dimension. Or, 
the user could utilize a banded memory 
architecture in two-pass mode to access an 
entire row or column of a kernel in one 
clock, completing the entire sum in a single 
pass through the other dimension of the 
kernel. Numeric format is 8-bit unsigned 
integer. 

The user determines the size of each step 
in an interpolation walk, in terms of the 
number of source image pixels, by setting 
the Field Of View control. The binary 
weighting of the image transformation 
parameters and source address must be 
taken into account when determining this 
value. See Table 6 and the Applications 
Discussion section. The numeric format 
assumed is unsigned 16-bit integer. 



For More Information call 1-800-722-7074. 



Raytheon Semiconductor 



2-225 



TMC2302 



Table 2. Control Parameter Registers Binary Format (Row, Column or Page Device) 



Addr Format Limits 



Name 


tiex 


UCD 

MOD 




























1 CD 
LOO 


Dec 


nex 


UMIN 


30 








2 11 


2 10 


29 


2 8 


2 7 


2 6 


25 


2* 


2 3 


2 2 


2' 


2 o 


4095 
0 


FFF 
000 


UMAX 


31 








2 11 


2 10 


29 


2 8 


2 7 


2 6 


25 


2* 


2 3 


2 2 


2' 


2 o 


4095 
0 


FFF 
000 


UMINI 


32 








2 11 


2 10 


2 9 


2 8 


2 7 


2 6 


25 


2 4 


23 


2 2 


21 


2 0 


4095 
0 


FFF 
000 


UMAXI 


33 








2 11 


2 10 


2 9 


2 8 


2 7 


2 6 


25 


2" 


23 


22 


2' 


2 0 


4095 
0 


FFF 
000 


VMIN 


34 








2 11 


2 10 


29 


2 8 


2 7 


2 6 


25 


2* 


23 


22 


2' 


2 0 


4095 
0 


FFF 
000 


VMAX 


35 








2 11 


2 10 


29 


2 8 


2 7 


2 6 


25 


2 4 


23 


22 


21 


2" 


4095 
0 


FFF 
000 


VMINI 


36 








2 11 


2 10 


29 


2 8 


2 7 . 


2 6 


25 


2" 


2 3 


2 2 


2' 


2° 


4095 
0 


FFF 
000 


\/MAYI 


Ol 








ol 1 

z 


o10 

Z 


Z 


,8 

Z 


? 7 
z 


16 
z 


?5 
z 


z 


?3 

z 


?2 
z 


z 


o0 

Z 


*fU30 

0 


FFF 

rrr 

000 


WMIN 


38 








2 11 


2 10 


2 9 


2 8 


2 7 


2 6 


25 


2 4 


2 3 


2 2 


21 


2 0 


4095 
0 


FFF 
000 


WMAX 


39 








2 11 


2 10 


2 9 


2 8 


2 7 


2 6 


2 5 


2 4 


2 3 


2 2 


2' 


2° 


4095 
0 


FFF 
000 


WMINI 


3A 








2 11 


2 10 


29 


2 8 


2 7 


2 6 


25 


2 4 


2 3 


22 


2' 


2 0 


4095 
0 


FFF 
000 


WMAXI 


3B 








2 11 


2 10 


29 


2 8 


2 7 


2 6 


25 


2* 


23 


22 


21 


2 0 


4095 
0 


FFF 
000 


XMINL 


3C 


2 15 2 14 


2 13 


2 12 


2 11 


2 10 


29 


2 8 


2 7 


2 6 


25 


2 4 


2 3 


22 


21 


2 0 


0 


00000000 


XMINM 


3D 


2 31 2 30 


2 29 


2 28 


2 27 


2 26 


2 25 


2 24 


2 23 


2 22 


221 


2 20 


2 19 


2 18 


2 17 


2 16 


232-1 


FFFFFFFF 


XMAXL 


3E 


2 15 2 14 


2 13 


2 12 


2 11 


2 10 


29 


2 8 


2 7 


2 6 


25 


2 4 


23 


22 


21 


2 0 


0 


00000000 


XMAXM 


3F 


2 31 2 30 


2 29 


2 28 


2 27 


2 26 


2 25 


2 24 


2 23 


2 22 


2 21 


2 20 


2 19 


2 18 


2 17 


2 16 


232-1 


FFFFFFFF 


PFLS 


40 


22 


21 


2 0 


























7 
0 


7 
0 


PTAD 


40 








22 


2' 


2 0 




















7 
0 


7 
0 


PD0N 


40 














22 


2* 


2 0 














7 
0 


7 
0 


PEND 


40 




















22 


2 1 


2 0 








7 
0 


7 
0 


PTVA 


40 


























22 


2' 


2 0 


7 
0 


7 
0 


PSVA 


41 


22 


21 


2 0 


























7 
0 


7 
0 


PTWR 


41 








22 


21 


2 0 




















7 
0 


7 
0 



Note: Table 1 continues on the following page. 
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Table 2. Control Parameter Registers Binary Format (cont.) 


Name 


Addr 

Hex MSB 


Format 








LSB 


Dec Hex 


PACC 


41 


2 2 2 1 2° 










7 7 
0 0 


XTND 


41 




XTND 










E3D 


41 






E3D 








DIM 


41 






DIM 1 


DIM 0 






MODE 


41 








MODEt 


MODEg 




KERNEL 


42 


2 7 2 6 


25 


2 4 2 3 


2 2 2 1 


2 0 


255 FF 
0 00 


FOV 


43 2 15 2 14 2 13 2 12 2 11 


2 10 2 9 2 8 2 7 2 6 


25 


2 4 2 3 


2 2 2 1 


2 0 


2 16 -1 FFFF 
0 0000 



Transformation Parameter Registers 

The Transformation Parameter Word storage register 
addresses for the X/U device are listed in Table 3, along 
with the differential terms for each polynomial coefficient 
for both two and three-dimensional transforms. The 
polynomial terms for the other IMS device(s) are found 
by replacing every "X" in the table with a Y (or Z). A 
TMC2302-based system can perform image manipu- 
lations of up to third order in two dimensions, and three- 
dimensional transforms of up to order 1.5 ("first-and-a- 
half order"). Also, see "The Image Transformation 



Table 3. Transformation Polynomial Coefficient Register Addresses 





Parameter 


Coefficient Word Addresses (hex) 


Name 


2D Term 


3D Term 


MSW 


csw 


LSW 


A 


*o 


*0 


00 


01 


02 


B 


DXU 


DXU 


03 


04 


05 


C 


DXUU 




06 


07 


08 


D 


DXUUU 




09 


OA 


0B 


E 


DXV 


DXV 


0C 


0D 


0E 


F 


DXUV 


DXUV 


OF 


10 


11 


G 


DXUUV 


*0 


12 


13 


14 


H 


DXUUUV 


DXU 


15 


16 


17 


I 


DXVV 


DXVW 


18 


19 


1A 


J 


DXUVV 


DXUVW 


1B 


1C 


1D 


K 


DXUUVV 


DXW 


1E 


1F 


20 


L 


DXUUUVV 


DXUW 


21 


22 


23 


M 


DXVVV 




24 


25 


26 


N 


DXUVVV 




27 


28 


29 


0 


DXUUVVV 




2A 


2B 


2C 


P 


DXUUUVVV 




2D 


2E 


2F 



Note: The Xq and DXU terms must each be loaded into two different registers when performing 3D transforms. Table 3 shows the binary weighting of all 
of the Transformation Parameter words, which are 48-bit signed fractional binary. 



Polynomial", in the Applications Discussion section. 

The notation used to define each polynomial coefficient 
term in Table 3 is easily interpreted. Each differential is 
of course defined by a differential in X, followed by the 
corresponding dependent U, V, or W terms. Thus, 

DXUV is equivalent to d?X/dUdV 

and DXUUUV to d 4 X/dU3dV. 
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Table 4. Integer Binary Weighting of Transformation Parameters 





MSB 














Format 














LSB 


Limits 
Dec Hex 


MSW 


_ 2 47 


2 46 


2 45 


2 44 


2 43 


2 42 


2 41 


2 40 2 39 


2 38 


2 37 


2 36 


2 35 


2 34 


2 33 


2 32 


2 48 -1 FFFFFFFFFFFF 


CSW 


231 


2 30 


2 29 


2 28 


2 27 


2 26 


2 25 


2 24 2 23 


2 22 


2 21 


2 20 


2 19 


2 18 


2 17 


2 16 




LSW 


2 15 


2 14 


2 13 


2 12 


2 11 


2 10 


29 


2 8 2 7 


2 6 


25 


2* 


23 


22 


21 


2 0 


0 000000000000 



Note: A minus sign indicates a sign bit. 



Figure 4a. Timing Diagram, Pixel Clock, Control, and 
Outputs 




INPUTS 



OUTPUTS' 



,c4 r 



NOTES: 1. Except OES^ETand OEK^ 

2. Assumes OES, OET, and OEK = LOW. All pipeline latency parameters set to 0. 



Figure 4b. Timing Diagram, Preload Parameters 



IWR "\ 


IMS I 
»• 

/ 




L-»H -» 


+ — Wl — ». 


1 




s / 









IDAT 



IADR 



ICS 



i i I I i 

/M M 



V 



Value "DAT 1" is loaded into address "ADR 1" on the second rising edge of 
IWR, since ICS = 0, having been acquired by the input register on the first 
edge. 



Figure 5. Equivalent Input Circuit 
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Figure 6. Equivalent Output Circuit 
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Figure 7. Threshold Levels for Three-State Measurements 
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Absolute maximum ratings (beyond which the device may be damaged) 



Supply Voltage -0.5 to + 7.0V 

Input Voltage -0.5 to (V DD + 0.5)V 

Output 

Applied voltage 2 -0.5 to (V DD + 0.5)V 

Short-circuit duration (single output in HIGH state to ground) 1 Second 

Temperature 

Operating, case -60 to +130°C 

junction 175°C 

Lead, soldering (10 seconds) 300°C 

Storage -65 to +150°C 



Notes: 1 . Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions is NOT implied. 
2. Applied voltage must be current limited to specified range, and measured with respect to GND. 

Operating conditions 









Temperature Range 










Standard 
















-1 




Parameter 


Test Conditions 


Min 


Norn 


Max 


Min 


Norn 


Max 


Units 


v D d 


Supply Voltage 




4.75 


5.0 


5.25 


4.75 


5.0 


5.25 


V 


V|L 


Input Voltage, Logic LOW 








0.8 






0.8 


V 


V|H 


Input Voltage, Logic HIGH 




2.0 






2.0 






V 


lOL 


Output Current, Logic LOW 








8.0 






8.0 


mA 


'oh 


Output Current, Logic HIGH 








-4.0 






-4.0 


mA 


l CY 


Cycle Time 


VrjQ = Min 


33 






25 






ns 


l PWL 


Clock Pulse Width, LOW 


Vrjrj = Min 


15 






12.5 






ns 


tpWH 


Clock Pulse Width, HIGH 


VrjQ = Min 


15 






10 






ns 


*S 


Input Setup Time 




10 






8 






ns 




Input Hold Time 




2 






2 






ns 


t a 


Ambient Temperature, Still Air 




0 




70 


0 




70 


°C 
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Electrical characteristics within specified operating conditions 1 







Temperature Range 








Standard 














1 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


1 Inite 

units 


Iqqq Supply Current, Quiescent 


V DD = Max, V, N = 0V 




10 




10 


mA 


Iprjy Supply Current, Unloaded 


Vrjp = Max, f=20MHz, 
OES = OEK = OET=5V 




70 




70 


mA 


Input Current, Logic LOW 


V DD = Max, V, N = 0V 


-10 




-10 




fiA 


1 1 1_| Input Current, Logic HIGH 


V DD = Max, V| N = V DD 




10 




10 




V 0L Output Voltage, Logic LOW 


Vpg = Min, lg|_=Max 




0.4 




0.4 


V 


V 0H Output Voltage, Logic HIGH 


Vprj = Min, Iqj_j = Max 


2.4 




2.4 




V 


IqzL Hi-Z Output Leakage Current, Output LOW 


V DD = Max, V, N = 0V 


-40 




-40 




nA 


IqZh Hi-Z Output Leakage Current, Output HIGH 


V DD = Max, V| N = V DD 




40 




40 




IqS Short-Circuit Output Current 


Vpp = Max, Output HIGH, one pin 
to ground, one second duration max. 


-20 


-70 


-20 


-70 


mA 


C| Input Capacitance 


T A =25°C, f=1MHz 




10 




10 


pF 


Cg Output Capacitance 


T A = 25°C, f=1MHz 




10 




10 


PF 



Note: 1. Actual test conditions may vary from those shown, but guarantee operation as specified. 



Switching characteristics within specified operating conditions 



Parameter 


Test Conditions 


Temperature Range 


Units 


Standard 


Min 


Max 


-1 


Min 


Max 


tpp Output Delay 


V DD = Min, C LOAD = 25pF 




15 




12 


ns 


t^p Output Hold Time 


Vpp = Max, C L0AD = 25pF 


4 




4 




ns 


^NA Three-State Output Enable Delay 1 


Vpp = Min, C LOAD = 25pF 




12 




12 


ns 


tpis Three-State Output Disable Delay 1 


V DD = Min, C L0A p = 25pF 




15 




15 


ns 



Note: 1. All transitions are measured at a 1.5V level except for trj|g and t^^. 



Applications Discussion 

The Image Transformation Polynomial 

On any given clock cycle, when performing a two- 
dimensional geometric transformation the addresses 
output by the row (X/U) TMC2302 are generated by 
forward difference accumulation according to the 
following third-order polynomial: 

x(u,v) = a + bu + cu^ + dip + ev + fvu + gvu^ + hviP 
+ h/2 + jv^u + kvV + + mv^ + nv^u + ovV 
+ pv 3 u 3 + FOV . CAX(ca) 



The polynomial utilized for three-dimensional transforms 
is: 

x(u,v,w) = a + bu + ev + kw + fuv + ivw + luw + juvw 
+ FOV • CAX(ca) 

where UMIN<u<UMAX, VMIN<v<VMAX, 
WMlN<w<WMAX, and the polynomials for the 
column or page devices are obtained by replacing the 
x by a y or z, as appropriate. 
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The Image Transformation Polynomial (cont.) 

FOV is the 16-bit field-of-view parameter, normally set so 
that the spiral walk proceeds in single-pixel steps. FOV 
can be increased to expand the step size and thus the 
spiral walk, subsampling the image. See Table 2 and 
Table 6. Also, CAX(ca) is the current value of the 
coefficient address, and CAX(Ker) is the terminal value of 
each pixel walk in that dimension. See the Interpolation 
Coefficient Lookup Table Addressing. The CAX(Ker) 
term arises because the IRS computes each new walk's 
starting point from the previous spiral walk's end point, 
rather than its starting point. 



We can reform the two-dimensional polynomial as: 

x(u,v) = (a + ev + iv^ + mv^) + (b + fv + jv 2 + nv^)u 
+ (c + gv + kv 2 + ov^lu 2 + (d + hv + lv 2 + pv^iP, 

and retain the simpler three-dimensional form: 

x(u,v,w) = a + bu + ev + kw + fuv + ivw + luw + juvw 

and define each of the polynomial coefficients in 
arithmetic terms, as shown in Table 5. 



Table 5. Transformation Polynomial Coefficients 





Parameter 




Two-Dimensional 


Three-Dimensional 


Name 


Term 


Coefficient 


Term 


Coefficient 


A 


*o 


a 


*o 


a 


B 


DXU 


b + c + d 


DXU 


b 


c 


DXUU 


2c + 6d 




0 


D 


DXUUU 


6d 




0 


E 


DXV 


e + i + m 


DXV 


e 


F 


DXUV 


f+g + h+j + k+l + n + o + p 


DXUV 


f 


G 


DXUUV 


2(g + k + o) + 6(h + l + p) 




a 


H 


DXUUUV 


6(h + l + p) 


DXU 


b 


I 


DXVV 


2i + 6m 


DXVW 


i 


J 


DXUVV 


2(j + k + l) + 6(n + o + p) 


DXUVW 


j 


K 


DXUUVV 


4k + 12l + 12o + 36p 


DXW 


k 


L 


DXUUUVV 


12l + 36p 


DXUW 


I 


M 


DXVVV 


6m 




0 


N 


DXUVVV 


6(n + o + p) 




0 


0 


DXUUVVV 


12o + 36p 




0 


P 


DXUUUVVV 


36p 




0 



Understanding The Polynomial Coefficients 
An Overview 

As the formulae indicate, the source address is a 
polynomial function of the two (or three) dimensions 
of the target address. Each of the 1 6 terms of the 
equation is of the form: 

dm + n + p* 
du m dv n dw^ 

and may be treated approximately as a mixed partial 
difference of order m, n, and p. 



The simplest term, Xo, is a zeroeth (non-) function of 
the target addresses; it specifies the source address 
point corresponding to the upper left point in the 
target space. Xq generates image translation or "pan." 

The next-simplest terms, dX/dU and dY/dV, govern the 
relative scales of the source and target images, i.e., 
how large a step in source space corresponds to a unit 
step in the corresponding direction in the target space. 
As long as the cross-terms, dX/dV and dY/dl), are zero, 
this is a straight scale ("zoom") operation, without 
rotation or shear. 
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Understanding The Polynomial Coefficients (cont.) 

The first-order cross terms, dX/dV and dY/dU, generate 
source space displacements perpendicular to unit 
displacements in the target space, thereby causing 
shearing of the image. In conjunction with the parallel 
source terms described above, they govern rotation, 
shear, and scaling of the image. 

Although the actions of the higherorder terms become 
progressively difficult to describe, all terms behave 
essentially as partial differences of various orders, and a 
little thought and common sense will generally lead the 
user to the proper conclusions. For example, the term 
dXUU (using the notation of Table 3) is a horizontal scale 
factor which increases as one progresses across each 
row, causing a quadratic horizontal warp. In fact, all 
terms of the form drrWdUm or dnY/dVn cause only 
stretching of the image, never rotation. 

Interpolation Coefficient Lookup Table Addressing 

The external coefficient lookup table RAM stores the 
interpolation coefficient values used to calculate the 
value of the new pixel. These values are selected by the 
user, allowing maximum filtering flexibility. In simple 
filtering applications, the source and target pixel 
addresses map one-to-one, and only one interpolation 
coefficient set is required. These integer addresses are 
generated for each dimension by the internal walk 
counters of each TMC2302. 

However, applications performing a coordinate 
transformation will almost always generate non-integer 
source pixel addresses; that is, the U (or V) locations will 
not map to the X (or Y) addresses exactly, and a 
fractional source address components are generated. 
The user must then expand the interpolation coefficient 
lookup table to include spatially-corrected values, as 
determined by the subpixel resolution of the system. 

The TMC2301 Image Resampling Sequencer allows the 
user to trade subpixel resolution against interpolation 
step size by obtaining the interpolation coefficient 
addresses directly from the fractional part of the source 
address. The TMC2302 gives the user 16 different 
interpolation bit weighting positions. The complete 
Interpolation Coefficient Address for that dimension then 
consists of both the 8-bit interpolation walk address 
KADR7-0, weighted to match the source address binary 
point by the parameter FOV, and the fractional portion of 
the source pixel address SADR23-0, to the desired 
subpixel resolution. See Table 6. 



Internal and External Data Formats 

The source address value output by the TMC2302 is a 
24-bit two's complement number, with binary point 
assignable by the user anywhere in the 16 lower bits. 
The Extended mode appends 12 additional fractional bits 
for greater output precision. All internal computations 
include these 24 plus 12 bits, plus an additional 12 lower 
bits, for 48-bit precision. See Table 6. 

Internally, each TMC2302's source address (X, Y, or Z) 
generator computes a 48-bit address through a mode- 
specific accumulation of the sixteen 48-b'rt user-specified 
resampling parameters. The 24 most significant bits of 
the final accumulation emerge via the source address 
port, whereas the "extend" mode makes the 12 next- 
most-significant bits available at the target address port. 
The 12 least significant bits are truncated internally. 

Source Address Bit Weighting and Setting the Binary 
Point 

When performing nearest-neighbor resampling, the user 
may arbitrarily trade source image size against subpixel 
resolution merely by adhering to a single binary point 
position for all resampling parameters. For example, if 
the binary point follows the 16 most significant bits in 
each resampling parameter, then it will appear following 
the source address' 16 most significant bits, leaving 8 
(20 in extended mode) bits of subpixel resolution on 
SADR n . 

Since the TMC2302 has no internal limiter, the user 
should select the source address weighting 
appropriately. Moving the source address connections to 
the right, and reducing the resampling parameters 
accordingly, reduces the chance or arithmetic overflow 
while increasing arithmetic round-off error. 

In any filtering or resampling operation performing an 
interpolation walk, the user should set the Field or View 
(FOV) parameter according to the desired binary point 
position determined above, as follows. To provide 224 
integral pixel positions per dimension, with no subpixel 
resolution, set FOV = 001 (hex). For 223 positions with 1- 
bit (0,5) subpixel resolution, FOV = 0010 (hex). Similarly, 
for 29 positions and 15-bit subpixel resolution. FOV = 
8000 (hex). As shown in Table 6, using the parameter 
FOV the user effectively "shifts" the bit weight of the 
coefficient address word KADR7.0 to match the 
established location of his source address binary point. In 
each case, the EXTEND mode provides 12 additional bits 
of subpixel resolution but eliminates the separate target 
or raster address, which must then be generated 
elsewhere in the user's system. 
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Table 6. Relative Bit Weighting - Source Address 



Weight 

Word 


2 47 2 46 ...2 40 


2 39 2 32 


2 31 2 25 2 24 


2 23 2 16 


2 15 ... 2 12 ... 2 8 


27... 2° 


Transform 
Parameters 


-47 46 










0 


Internal Source 
Address Generator 


-47 46 










0 


Source Address 
Output SADR 2 3„q 


-23 22 ... 16 


15 8 


7 ... 1 0 








Extended Mode Only 
TADR n . 0 








11 ... 4 


3 ... 0 




KADR 7 „ 0 

FOV = 0001 
FOV=0002 

• 

• 

• 

FOV = 8000 


27 ... 2 1 


27 

2 0 


27 20 

2 6 2° 









Note: A minus sign indicates a sign bit. 



Utiliza tion of the Image Boundary Flags SVAL and 
TVAL 

As mentioned above, the TMC2302 provides two 
programmable v alid ad dress, or boundary flags. The 
source valid flag SVAL is asserted when the current 
source image address output for that device's source 
image dimension is within the space defined by the 
configuration parameters XMIN and XMAX, or YMIN 
and YMAX, or ZMI N and ZMAX, as appropriate. Also, 
the target valid flag TVAL is available to indicate when 
the current target image address values fall within the 
space defined by the configuration parameters UMINI, 
UMAXI, VMINI, VMAXI, and also WMINI and WMAXI 
in three-dimensional systems. Note that all of these 
parameters are each programmed into each individual 
TMC2302. Thus, the user could define two (or three) 
different working spaces, one indicated by each IMS 
device. 

Figure 8 may help clarify the relationships among (Xq, 
Yrj. Z 0 ), (UMIN, VMIN, WMIN), and (UMAX, VMAX, 
WMAX), for the two-dimensional case. With positive 
first derivatives, (Xq, Yq) and (UMIN, VMIN) represent 
the upper left corners of the original image and the new 
destination field, respectively. The lower right corner of 
the new transformed image is located at (UMAX, 
VMAX); the location of the corresponding corner of the 
original image depends on the values of the derivatives. 



Not to be confused with (Xq, Yq), the points (XMIN, 
YMIN) and (XMAX, YMAX) define the "usable" rectan- 
gular portion of the origi nal im age which is indicated 
by the valid address flag SVAL; points (X, Y) lying 
outside this region are ignored in most resampling and 
filtering applications. Specifically, the point (Xq, Yq) is 
the location from which the TMC2302 system begins 
the image resampling sequence. Every step beyond that 
point in the source image space is defined by the 
address generators implementing the image transfor- 
mation polynomials. 

The valid source address flag feature permits one to 
construct a mosaic of several abutting subimages in the 
(X, Y) plane, without danger of edge effect interference 
between adjacent subimages. Note in the figure that the 
upper right corner of the resampled source image lies 
outside the admissible region; in practice, the values 
fetched at these locations will not be included in the 
convolutional sums. One might, for instance, program 
these boundary values to alert the system that an edge 
is being approached and to modify the interpolation 
coefficients appropriately, or simply to ignore pixel values 
outside the defined space. 
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Util ization of the Image Boundary Flags SVAL 
andTVAL(cont) 



The flag WAL however is utilized somewhat differently. 
Working in unison with the target address working space 
defined by UMIN/UMAX, etc., the target address valid flag 
could be programmed to delineate image areas other than 
the immediate working space, and the flag of each 



TMC2302 to indicate the unique regions anywhere within 
the target image. With this flexibility, the user can generate 
windows, "picture-in-picture" composite multiple images, or 
simply switch to a background image or border color. 



Figure 8. Pixel Maps Demonstrating Source and Destination Image Boundaries, Violation Flags, and Image 
Clipping (Note Shaded Areas) 
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SOURCE IMAGE SPACE 



TARGET IMAGE SPACE 



Ordering Information 



Product 


Temperature Range 


Screening 


Package 


Package 


Number 








Marking 


TMC2302H5C 1 


STD-T A = 0°C to 70°C 


Commercial, 30MHz 


120 Pin Plastic PGA 


2302H5C 


TMC2302H5C1 1 


STD-T A =0°C to 70°C 


Commercial, 40MHz 


120 Pin Plastic PGA 


2302H5C1 



40G06360 Rev C 8/93 
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Real-Time Bilinear Interpolation Using 
theTMC2302orTMC2301 

Image transformations and translations in bit mapped 
systems are done by taking an original (source) image, 
performing coordinate remapping and interpolation, then 
restoring the image into a new (destination) image space. 
The coordinates are remapped according to a 
transformation polynomial. The polynomial, evaluated at 
destination pixel addresses, maps the transformed pixel 
addresses (U,V) to pixel addresses in the original image 
(X,Y), i.e., (X,Y) is a polynomial function of (U,V). 



ORIGINAL (SOURCE) IMAGE NEW (TARGET) IMAGE 

(UMIN.VMIN) 




(UMIN,VMAX) (UMAX.VMAX) 

Notes: 65-6433 

1 . Coordinate transformation: Each pixel in (U,V) space is mapped to a location in (X,Y) space. 

2 Interpolation: Unless the pixel in (U, V) space coincides with one in (X,Y) space, its amplitude must be estimated as a 

weighted average of these of the surrounding pixels in (X,Y) space. If the interpolation is done serially, throughput suffers in proportion 
to the size of the interpolation kernel. However, the interpolation can also be performed in parallel to preserve throughput, as discussed 
here. 
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TMC2302 

The TMC2302 Image Manipulation 
Sequencer 

The TMC2302 is a controller/address generator, around 
which an image filtering and resampling system can be 
built. Under limited supervision from an external 
controller, the TMC2302 will generate the sequence of 
memory read and write addresses to transform, 
resample, and/or filter an image. In all cases, it fetches 
data from one image buffer, governs its convolution with 
a user-specified kernel of coefficients, and directs the 
results to another image memory space. With 24-bit 
source address buses the device and operate from a 
source frame size of, for example, 64K X 64K pixels with 
spatial resolution of 1/256th pixel. A simplified block 
diagram of the TMC2302 is shown in Figure 2. 
Although the 24 source addresses bits of each TMC2302 
can be designed arbitrarily with the source image 
address bus, assume for the current discussion that bits 
SADR (19:8) will correspond to the source image 
address and that SADR (7:4) therefore denote subpixel 
positioning to 1/16 pixel resolution. 



The basic 2-D system, shown in Figure 3, consists of 
data source and destination memories, coefficient lookup 
table, multiplier-accumulator, TMC2302 parameters to 
define the transform and starts the operation. It may also 
control the loading of the source image into RAM and 
provide the screen refresh, if needed. 
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Figure 2. TMC2302 Block Diagram 
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Figure 3. Basic 2-D Image Transformation Systems 
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Inexact Transformations 

In many cases, evaluation of the transformation 
polynomial results in a non-integer result (non-integer 
address in the X, Y image space). In such cases, the 
mapping from original image to transformed image will 
be inexact. When this occurs, the user has the option of 
accepting the pixel "nearest" to the address generated, 
or performing interpolation, a weighted average of 
nearby pixel values. Using the pixel nearest the address 
generated is the fastest method since one transformed 
pixel can be generated on every cycle. The resulting 
image will include jagged biasing artifacts, however. 
Performing several transformations on the same image 
will further degrade the resulting image. 
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One Cycle Bilinear Interpolation 

A better image can be obtained by finding the four pixels 
nearest the address generated and performing a 
weighted averaging to determine the new pixel value. 
This is known as bilinear interpolation. The TMC 2302 
eases the control logic required for such a function by 
performing a "walk" around the four closest pixels in the 
source image space. Essentially, the TMC2302 
generates the addresses of the four walk cycles, and the 
current source pixel is multiplied by a weighting factor 
and accumulated by the external multiplier accumulator. 
At the end of the walk, the accumulated result from the 
four nearest pixels is written into the destination image 
RAM and the TMC2302 proceeds to the next group. The 
obvious disadvantage to using bilinear interpolation is 
that one new destination pixel is generated only on every 
fourth cycle, reducing the output bandwidth by a factor of 
four. 

One method of "real-time" bilinear interpolation consists 
of using four memories, each containing the entire 
source image. The storage arrangement of the pixels 
within each bank is staggered so that a single address 
fed to the memories will result in the access of the proper 
four pixel group. The TMC2302 is programmed to 
generate the nearest neighbor address and the four 
nearest pixels are accessed simultaneously and input to 
the four independent multipliers of a TMC2246 quad 
multiplier chip. The four pixels are multiplied by their 
associated weighting factors and added to determine the 
destination pixel sum. The major drawback of this 
method is the prohibitive cost for additional memory 
required to store four copies of the entire source image. 
For large images, the memory cost and additional board 
space makes this method unattractive. 

A more efficient method is to divide the original source 
image into a "four-color checker board" and to store it 
into four separate pixel memory banks, each containing 
14th of the source image. Since the image is separated 
into four memories rather than duplicated, no additional 
image memory is required. The goal is to separate the 
image so that any square of four adjacent pixel locations 



can be accessed simultaneously. Thus, the user must 
organize the memory such that the four pixels of any 
cluster will reside in separate memory banks. With this 
method, only one set of address generators (TMC2302s) 
is necessary, and only a slight address modification is 
necessary to guarantee that the correct group of pixels is 
accessed and output to the multipliers. Since all pixels 
are accessed simultaneously, no "walk" is performed, 
and the TMC2302 system is able to generate one 
destination pixel on each clock cycle. For example, a 
1024 X 768 image can be generated every 20ms for a 
frame refresh rate of 50Hz. This method which will be 
described below. 

Using "Banded" Pixel Memory 

The TMC2302 should be programmed to do "nearest- 
neighbor" transformations (Kernel, K = 0 and the Xq and 
Yo start boundaries programmed without 1/2-LSB 
truncation debiasing to force address truncation when 
evaluating the transformation polynomial for the nearest- 
pixel address). The biased Xo and Yo guarantee that 
when the exact pixel address falls within the region of 
four pixels, the upper leftmost pixel will always be 
selected as "nearest-neighbor." 

The key to performing real-time bilinear interpolation is to 
arrange the pixels in memory so that the four pixels of 
every grouping will be stored in separate memories. The 
four nearest pixels will form a square. Figure four shows 
a sample 512 X 512 pixel image and the arrangement 
into four separate memory banks designated A, B, C, 
and D. It can be seen from the figure that any (square) 
grouping of four pixels will have one pixel located in each 
bank. Thus, one memory sector will hold even row-even 
column pixels, another, even-row-add column pixels, etc. 
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Figure 4. Source Image Pixel Arrangement 

Subscripts i,j for A, B, C, and D denote relative addresses in memory respectively. 

The ordered pairs (a, b) denote the physical (X,Y) pixel locations and the TMC2302 
SAPR(X) and SADR(Y) address outputs. 

The pixels of the original image should be stored in the source RAM banks as shown In Figure 5. The original source 
image can be loaded by decoding the TMC2302 least significant address bits (SADRx(8). SADRy(8) to determine the 
memory bank for the pixel while the most-significant address bits (SADRx(19:9), SADRy (19:9)) are used as common 
address lines to all four memory banks. 

In the following discussion, the TMC2302 address outputs SADRx and SADRy will be designated as: 

Horizontal Source 
XAn Least-Significant Horizontal Source X-Address Bit SADRx (8) 
XA^ Upper Horizontal Source Address Bits SADRx (1 9:9) 

YAn Least-Significant Vertical Source Y-Address Bit SADRx(8) 
YAp, Upper Vertical-Source Address Bits SADRy (19:9) 
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Figure 5. Memory-Pixel Arrangement 

Interpolation Kernal 

Pi.i Pi,i + i 

* - actual Figure 6. TMC2302 Serial Walk Sequence 

Pixel In real time bilinear resampling, this is executed in parallel. 

Pi + 1,j Pi+1,j+1 



When the transformation polynomial is evaluated and the 
resulting pixel address falls within a group of four nearby 
pixels (non-integer result), the TMC2302 will always 
choose the upper leftmost pixel (Pjj) as the nearest 
neighbor (due to the fractional address truncation in the 
X and Y directions). Since the four pixels will reside in 
independent banks, the upper leftmost pixel might be 
located in any of the four memory banks (A,B,C, or D). 
The bank which contains the nearest neighbor must be 
known, since in each case, different memory address 
modification is required to select the correct pixel from 
each bank. 
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Figure 7. Possible Selections for Nearest Neighbor 
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Memory Address Modification 

Using the address LSBs (XAo, YAo) from each 
TMC2302 external logic can determine which bank 
contains the nearest neighbor. (This same decoding is 
used when loading the original image into the source 
image RAMs.) 



Case* XAo YAo Nearest Neighbor (Upper Leftmost) Pixel 

1 0 0 A Memory Bank contains Nearest Neighbor 

2 0 1 B Memory Bank contains Nearest Neighbor 

3 1 0 C Memory Bank contains Nearest Neighbor 

4 1 1 D Memory Bank contains Nearest Neighbor 



Mrom Figure 7 above 



Addressing for each memory bank (A, B, C, D) is done using the uppermost address bits (XA^) of the TMC2302s. The 
LSB of each TMC2302 is used to determine both the upper leftmost pixel and the address modification required. In the 
following paragraphs, the lower case subscripts (i,j) denote the address of a pixel within a given memory bank (A, B, C, or 
D), and XA, YA are used to denote physical address outputs of the TMC2302 pairs. 

Pixel address modification use to access the correct four pixel group is determined as follows: 



Case A: Ay is nearest upperleft neighbor, case B: By is upperleft neighbor, 

(No address modifications) (Modify X component of A & C memory addresses) 

(XAq = YA 0 = 0) (XAq = 1 , YAq = 0) 



A U B U By A i+1|j 

Figure 8. Pixel Memory Mapping t Figure 9. Pixel Memory Pattern 

for A = Upper Leftmost f or b = Upper Leftmost 

C U Dy D U C i+ i tj 



Memory Addressing Becomes: 
A address = XA^ YA^ 
B address = XA^ Yfy 
C address = XA^, YAp, 
D address = XA^YAji 
i.e., no modification is required. 



Memory Addressing Becomes: 
A address = (XA^+1,YA M ) 
B address = (XA^ YAjJ 
C address = (XAj l + 1,YA M ) 
D address = (X/£, YA^) 
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Case C: Cy is upperleft neighbor, 

(Modify Y component of A & B memory addresses) 

(XAo = 0,YAo=1) 

Q, j D'i, j 

Figure 10. Pixel Pattern 
for C = Upper Leftmost 

Aj, j + 1 Bj f j + -j 



Memory Addressing Becomes: 
A address = XA^ YA^ + 1 
B address = XA^ Ya£ + 1 
C address = XAp,, Yfy 
D address = YA^ Yfy 



Case D: Dy is nearest neighbor, 

(Modify A, B & C addresses, X and Y components) 

(XAo = 1,YAo=1) 

D U c i + l,j 

* Figure 11. Pixel Pattern 

for D = Upper Leftmost 

Bj,j+1 Aj + ij + i 



Memory Addressing Becomes: 
A address =XA JI +1, YA^ + 1 
B address = XA^ YA^ + 1 
C address = XA^ + 1^, YA^ 
D address = XA^, YA^ 



Taking a close look at the address modifications required 
for each case above, a simple pattern can be seen. This 
pattern leads to a set of address modification "rules" 
based on the values of the least-significant address bits 
from the TMC2301s (XAq and YAq). These rules are: 

When YA 0 = 0, (Case A & B) 

No modification to the Y address component (YAjJ is 

necessary. 

When YAo = 1, (Case C&D) 

The Y component (YAp) of addresses to the A & B 

memory banks must be incremented by 1 . 

When XAq = 0, (CaseA&C) 

No modification to the X address component (XA^) is 

necessary. 

When XAq = 1 , (Case B & D) 

The X component (XA^) of addresses to the A & C 

memory banks must be incremented by 1 . 



A system can easily be designed to modify the pixel 
memory addresses according to the above criteria, to 
select the correct four pixels to be interpolated. Rather 
than actually performing a "conditional" address 
increment as discussed above, it requires less logic 
simply to add the LSB address bit to the memory bank 
addresses (XA^ YA^). Figure 12 shows the logic to 
perform the required address modifications. The addition 
(XAp + XAo, YAjj, +YAo) can be done using half-adders 
with the XAq (YAo) address output of the TMC2302 
connected to the carry-in of each adder. It can also be 
done using high-speed programmable logic. 

Note: Only modifications to the source image memory 
are necessary. The destination image memory may be 
arranged in a linear or other type array as required by 
the refresh circuitry. 
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Figure 12. Memory Address Modification 
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Coefficient Memory 

Typically, the 4 highest fractional source address bits 
from each TMC2302 (SADR (7:4) in the example) are 
used to reflect the offset from the nearest XA (YA) pixel 
location. With spatial resolution of 4 bits in both the X 
and Y directions, there can be as many as 256 unique 
coefficient values. This requires a coefficient memory of 
at least 256 bytes.However, as shown below, each of the 
four different cases requires its own set of 256 
coefficients. 
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Figure 13. Interpixel Resoultion 



One-cycle bilinear interpolation requires four 
independent coefficient memories, so that a parallel 
multiplication can be performed with the four pixel 
values. 

Similar to determining the correct four pixel group, the 
coefficients must take into account the memory bank (A, 
B, C or D) that contains the upper leftmost pixel, and 
adjust the coefficients accordingly. These adjustments 
are necessary since the fractional address outputs 
(SADRx (7:4), SADRy (7,4) from the TMC2302s reflect 
the spatial distance only from the upper leftmost pixel 
within the pixel group. Assuming that the fractional 
addresses 



SADRx (7:4) and SADRy (7:4) plus the integer LSBs 
SADRX (8) and SADRy (8) are to be used directly to 
address the 1024-byte coefficient memory, the loading of 
the coefficients is shown on the next page with Fx = 
SADRx (7:4) and Fy = SADRy (7:4) Case A through D 
are the same as discussed previously for the pixel 
address modifications. 
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Case A: A is nearest neighbor (XAo = 0, YAq = 0) 

CoeffA = (1-fx)*(1 -fy) 
CoeffB = (fx)*(1-M 
Coeff C = (1 -fx)*(M 
CoeffD = f x *fY 

Case B: B is nearest neighbor (XAo = 0, YAo = 1) 

CoeffA = f x *0-M 
Coeff B = (1-f x ) *(1-fy) 
CoeffC = f x M Y 
Coeff D = (1-fx)fY 

Case C: C is nearest neighbor (XAo = 1 . YAo = 0) 

Coeff A = 
Coeff B 
Coeff C 
Coeff D 



Incorporating the concepts outlined in this discussion, 
the final system for one-cycle bilinear interpolation is 
shown in figure 14. This figure shows a small increase in 
logic over the basic 2-D system shown in figure 3. The 
additional logic required includes: TMC2246 (rather than 
a single multiply/accumulate), and three additional 
coefficient memories. Some additional decoding logic is 
required to load the four pixel memory banks as well as 
some data and address pipelining (registering) to meet 
timing requirements. The solution, however, provides an 
increased pixel bandwidth, by a factor of four, and only a 
small increase in part count. 
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Figure 14. One-Cycle Bilinear Interpolation System 
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Section 2 — Application Specific Standard Products 



ATE Products 




Raytheon offers a family of ASSPs designed to meet the 
needs of the ATE pin electronics system designer. The 
product family provides the end user with the capability of 
realizing a complete pin electronics card as shown above. 

The RC7310, RC7311 and RC7315 250 MHz Pin Drivers 
offer a high output slew rate of 2 V/ns and wide output 
voltage ranges of -3.0V to +8.0V and up to 1 0 Vp-p output 
swings. The RC731 1 is a cost effective pin driver primarily 
targeted for Memory ATE, while the RC7315 is a three- 
state output driver ideally suited for VLSI and Logic ATE. 
The RC7316 Pin Driver is designed for use in ultra high 
speed ATE systems. The RC7316 has the ability to drive a 
50ft transmission line of up to two feet in length with a 
slew rate of 3.2 V/ns and a repetition rate of over 550 MHz 
for ECL output levels. The device also features a 
maximum output swing of 9.5 Vp-p over the range of -3.0V 



to +7.0V. All products can be used as high performance 
line drivers for Instrumentation and Communications 
applications. 

The RC7331 Active Current Load provides a 150 mA of 
voltage-programmable current sourcing or sinking. The 
device features ±0.1% of output current resolution and 
dfl.2% of accuracy, while still maintaining 10 jjA°C of drift. 

The Raytheon ATE family includes a selection of 
comparators with both dual and window comparator 
configurations. The RC7341 and RC7342 are window and 
dual comparators respectively. They provide users with 
propagation delays of less than 2.5 ns, while attempting to 
keep input bias currents and input capacitance to a 
minimum. 

Raytheon's ATE products are rounded out by the RC7351 
Precision Measurement Unit (PMU) which is the only such 
standard device on the market today. This device allows 
users to force voltages and measure currents and vice 
versa, with precision and flexibility. The device supports 
four programmable voltage, and current ranges. 
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ATE Products 
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Three State 


Package 


Page 


RC7310 


1.2 V/ns 


-3.0 to +8V 


10Vp-p 


No 


28 PLCC 


2-249 


RC7311 


2V/ns 


-3.0to+8.0V 


10V 


No 


28 PLCC,16LDCC 


2-257 


RC7315 


1.8 V/ns 


-2.5 10 7.5V 


9.5V 


Yes 


28 crLCC, id LuGC 


2-265 


nG/oio 


o.^ v/ns 


-O.U 10 /.UV 


9.0V 


Vac 

Yes 


do fcr LvA/, 1 0 LUUvs 






Current 


_____ 

Current 










Active Load 


Range 


Resolution 


Accuracy 


Drift 


Package 




RC7331/32 


±50 mA 


±0.1% 


±0.2% 


10mA/°C 


16LDCC 


2-281 












20 PLCC 






Propagation 


Voltage 




Input 






Comparators 


Delay 


Range 


Input Bias Current 


Capacitance 


Package 




RC7341 (Window) 


2.0 ns 


-4Vt0+8V 


10nA(over-4to+8V) 


2pF 


16SOIC 


2-287 


RC7342 (Dual) 


2.0 ns 


-4Vt0+8V 


10jnA(over-4to+8V) 


1.25 pF 


16SOIC 


2-287 



Precision Force Voltage Force Current Force Current 

Measurement Unit Range Ranges Resolution Accuracy Package 

RC7351 -5Vto+15V (4 Ranges) ±0.05% 12 bits, 0.5% 28 PLCC ~ 2-293 

±500nAto±20jjA gain error 

i2MAtO±200MA 

±10pAto±1mA 

±500 pA to ±40 mA 

RC73687 2-303 

Notes: 

1 . Both the RC7342 and the RC73687 are pin-for-pin compatible with 9687 standard comparators. 
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RC7310 

High Speed Driver 



Features 

♦ High output slew rate (1 .2 V/ns minimum) 

♦ Wide output voltage range (-3.0V to +8V), and up to 
10 Vp-p swings 

♦ 250 MHz minimum operation for ECL swings 

♦ Wide input common mode range for ease of interface 
to ECL as well as TTL and CMOS 

♦ Output short-circuit protection with current limiter and 
thermal shutdown 

♦ 1 00 mA dynamic switching current drive 

♦ Absolute slew rate control 

♦ Low output voltage offset (30 mV typ.) and output 
offset drift (0.1 mV/°Ctyp.) 

♦ Low input bias current (1 jjA typ.) and current drift 
(40 nA/°C typ.) for output level program voltage 
allows direct coupling to a DAC output 

♦ Available in 28-pin PLCC 

Applications 

♦ Differential line driver/receiver 

♦ Precision waveform generator 

♦ Level translator 

♦ Switch driver 

♦ Laser driver 

♦ CRT preamplifier 



General Product Description 

The RC7310 is a low cost High Speed Driver capable of 
over 250 MHz operation at ECL levels and greater than 
1 .2 V/ns slew rate for 5 Vp-p output. The driver offers 
programmable output levels between -3.0V and +8V and 
an output amplitude up to 1 0 Vp-p. It is therefore 
capable of driving any logic family such as ECL, TTL 
and CMOS. The high and low limits of the output swing 
are set through the program pins V H and V L , 
respectively. The transfer characteristic from the 
program pins to the output pin is unity gain with low 
offset (30 mV typical) and offset drift (0.1 mV/°C typical). 
The V H and V L inputs have been buffered to operate 
with low bias currents (1.0 pA typical) allowing direct 
coupling to the output of a DAC. 

The RC7310 is normally driven by ECL levels. 
However, the input common mode range, -2V to +6V, is 
wide enough to accommodate TTL or CMOS input 
signals. When driven with a single ended signal the 
other input of the RC7310 must tied to the appropriate 
threshold voltage. 

The RC7310 is specified at nominal power supply values 
of 10V and -5.2V, and commensurate output voltage 
swing limits of -3.0V and +8V. 

The supply rails may be raised by 2V to achieve an 
output high level (V 0H ) of +10V, or lowered by 2V to 
achieve an output low level (V 0 l) of -5V. At all times 
there must be at least a 2V margin between the positive 
supply and the maximum value of Vq H , and between 
the negative supply and the minimum value of Vq L . 

The RC7310 is implemented using Raytheon's high 
performance precision Complementary Bipolar Process 
(CBiP). 
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Pin Definitions 
Name Function 

Vqq Quiet positive supply. The nominal value is 1 0V 
i3%. For output high voltage levels (V 0 h) greater 
than the nominal value of +8V, Vqq should be 
raised 2V above the maximum V 0 h value. 
Whenever V EE is lowered to provide margin at the 
output low level, Vqq should also be lowered by the 
same amount. V cc should be bypassed to the 
ground plane with a 10,000 pF chip capacitor 
placed as close to the pin as possible. 

V EE Quiet negative supply. The nominal value is -5.2V 
to i5%. For output low voltage levels (V 0 l) less 
than -3V, V EE should be lowered 2V below the 
minimum V 0 l value. Whenever Vqq is raised to 
provide margin at the output high level, V EE should 
be raised by the same amount. V EE should be 
bypassed to ground with a 1 0,000 pF chip capacitor 
placed as close to the pins as possible. 

Vqqq Positive supply for the output stage. This supply is 
brought out separately to minimize the supply noise 
generated when the output switches. Vq C0 should 
be bypassed to the ground plane with a 10,000 pF 
chip capacitor placed as close to the pin as 
possible and then immediately connected to Vqq. 

V EE0 Negative supply for the output stage. This supply is 
brought out separately to minimize the supply noise 
generated when the output switches. V EE0 should 
be bypassed to the ground plane with a 10,000 pF 
chip capacitor placed as close to the pin as 
possible and then immediately connected to V EE . 

GND Chip ground. These pins should be connected to 
the printed circuit board's ground plane at the pins. 

TST Pin used for factory testing the thermal 

characteristics of the device. The pin should be left 
unconnected or tied to GND. 

V H Analog program input that sets the output high level 
(V 0 h). The transfer characteristic from V H to V 0 h 
is nominally unity gain. 

V L Analog program input that sets the output low level 
(V 0 l). The transfer characteristic from V L to V 0 l is 
nominally unity gain. 

V HC Bypass for analog program input high, V H . V HC 
should be bypassed to the ground plane with a 
1000 pF chip capacitor placed as close to the pin 
as possible. 



Name Function 

V LC Bypass for analog program input low, V L . V L q 
should be bypassed to the ground plane with a 
1000 pF chip capacitor placed as close to the pin 
as possible. 

V| N+ Differential digital inputs. The output will toggle 
V| N _ between the two levels dictated by V H and V L as 
the differential signal is switched. Although these 
inputs will normally be driven by ECL signals, 
they have a wide enough common mode range 
that any one of the inputs may be driven by a TTL 
or CMOS signal provided that the other input is 
tied to the appropriate threshold voltage. 

Vq Driver output of RC731 0. The output impedance 
is 12.6ft ±1 .5ft. The output is usually back- 
terminated in the characteristic impedance of the 
driven transmission line. For a 50ft line, a 37.4ft 
±1% or better resistor should be placed externally 
as close to the output pin as possible to minimize 
reflections and ringing. The resistor should also 
be able to dissipate 0.8ft to sustain the short- 
circuit current of the output. 

OF On chip filter to improve output waveform 

(optional). This pin connection is optional and 
should be left unconnected if not used. When 
used OF pin should be tied to the termination 
node that is directly connected to the DUT. 

SRCA Absolute slew rate control. By applying current at 
this pin, small changes in slew rate can be 
programmed with an external DAC. This control 
pin affects both positive and negative edge rates. 
If this slew rate control is not desired this pin 
should be left open. 

CIM1 Optional: A 10,000 pF chip capacitor could be 
placed between CIM1 and CIM2 to improve 
impedance 

CIM2 matching across different voltage swings. With 
this capacitor, output impedance stays more 
constant with changes in voltage swings. If not 
used, leave pins CIM1 and CIM2 open. 

SRCM Slew rate control matching. By applying current at 
this pin, small changes in slew rate can be 
programmed with an external DAC. This control 
pin adjusts the match between positive and 
negative edges . If this slew rate control is not 
desired this pin should be left open. 
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Pin Definitions (continued) 
Name Function 

TS Active low output notifies thermal shutdown has 
occurred. In the event of a short-circuit or other 
fault that causes the die temperature to rise 
between 1 15°C and 160°C, the thermal shutdown 
will activate. If the fault persists, the device will 
toggle back and forth between shutdown and 
normal_operation at a frequency in the tens of 
Hertz. TS is an open collector output capable of 
driving two standard TTL loads. The TS pins of 
several drivers may be wired together and input 
to a latch to indicate an alarm condition. 

NC No connection. 



Absolute Maximum Ratings (1) 

Positive power supply, V cc 13V 

Negative power supply, V EE -8.2V 

Difference between V cc and V EE 16V 

Input voltage at V, N+ , V, N . V cc -12V 

V EE +12V 

Input voltage at V H , L V cc -13V 

V EE +13V 

Differential input voltage, |V !N+ - V, N .| 6V 

Difference between V H & V L , (|V H - V L |) 13V 

Driver output voltage V C q -13V 

_ V EE +13V 

Output voltage at TS 7V 

Duration of short-circuit to ground Indefinite 

Operating temperature range 0°C to 70°C 

Storage temperature range -65°C to +125°C 

Lead temperature range 

(Soldering 10 seconds) 300°C 

Notes: 

1 . "Absolute Maximum Ratings" are those beyond which the safety 
of the device cannot be guaranteed. They are not meant to imply 
that the device should be operated at these limits. If the device is 
subjected to the limits in the absolute maximum ratings for 
extended periods, its reliability may be impaired. The tables of 
Electrical Characteristics provide conditions for actual device 
operation. 



Connection Information 



28-pln PLCC Package 
(Top View) 



4 3 2 1 282726 



5 [ 

6 [ 

7 [ 

8 [ 

9 [ 

10 [ 

11 I 



]25 
I 24 
] 23 
] 22 
121 
]20 
119 



12131415161718 



65-5741 



Pin 


Function 


Pln 


Fund 


1 


v 0 


15 


V,N + 


2 


OF 


16 


GND 


3 


CIM1 


17 


NC 


4 


CIM2 


18 


v H 


5 


TST 


19 


v L 


6 


NC 


20 


NC 


7 


V CCO 


21 


NC 


8 


v C c 


22 


Vee 


9 


v H c 


23 


v E eo 


10 


v L c 


24 


TC 


11 


SRCM 


25 


TS 


12 


SRCA 


26 


NC 


13 


NC 


27 


NC 


14 


V|N- 


28 


GND 



Ordering Information 






Operating 


Part Number 


Package 


Temperature 






Range 


RC7310QA 


QA 


0°Cto+70°C 


Notes: 






QA - 28-pin PLCC 
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Recommended Operating Conditions 



oyniDui rarameiers 


Mln 

min 


Typ 


Mav 


1 Inlte 

units 


f^aco nrwaratinn tomnorati iroU ) 
IQ vcloo upci dill ly IUI 1 ipci dlUle* # 


n 




70 




Vq C Positive supply voltage 


9.7 


10.0 


10.3 


V 


V EE Negative supply voltage 


-5.45 


-5.2 


-4.95 


V 


V CC -V EE Difference between positive and negative supply 




15.2 


15.8 


V 


V 0H» V 0L Ran 9 e f° r output high level and output low level 


V EE +2V 




V CC -2V 


V 


| V OH -V OL | Output amplitude 


0.4 




10.0 


V 


R j Output back-termination resistor for RC731 0 




37.4 







Notes 

1. With air flow >300 Ifpm 



DC Electrical Characteristics 

V CC = 1 ov V EE = " 5 - 2V i5 ° /o » T A = 25 ° c ( stil1 air )» no load » unless otherwise specified 



Symbol 


Parameters 


Test Conditions 


Min 


TYP 


Max 


Units 




Differential Inputs: V IN+ , % 












V IN+' V IN- 


Absolute Input Voltage 




-2.0 




46.0 


V 




Differential Input Range 


|V| N+ -V| N J 


0.4 


ECL 


5.0 


V 


W 'lN- 


Bias Current 


-2V£V IN± <46V 




-100 


-250 


MA 




Absolute SLR Control, SRCA 












V SRCA 


Compliance Voltage Range 


V H = 45V,V L =0V 


-2.3 


-1.6 


-0.9 


V 


'SRCA 


Control Current Range 




-1.0 




4-1.0 


mA 


% SLR Max 


%SLR Absolute Change 


Vcom=-2.0 




-20 




% 


% SLR Max 


%SLR Absolute Change 


v com = "^ 4 




-4W+25 




% 




Matching SLR Control, SRCM 












V SRCM 


Compliance Voltage Range 


V H = 45V,V L =-0V 


0.4 


0.6 


0.9 


V 


'SRCM 


Control Current Range 




-0.5 




40.5 


mA 


% SLR 


Max % SLR Matching Change 






30 




% 




Voltage Program Inputs V^ 












v H 


V H Range 


V cc = 10V, V EE = -5.2V 


-1.0 




48.0 


V 






V CC = 12V,V EE = -32V 


4-1.0 




+10.0 


V 






V CC = 8V,V EE = -72V 


-3.0 




46.0 


V 


v L 


V L Range 


V cc = 10V, V EE = -5.2V 


-3.0 




45.5 


V 






V CC = 12V,V EE = -32V 


-1.0 




+7.5 


V 






V CC = 8V,V EE = -72V 
Output Voltage Amplitude 


-5.0 




43.5 


V 


v A 


IVoH-VoJ 


0.40 




10 


V 


«H 


Bias Current @V H 


-1.0V^V H ^4«V;V L =:-3.0V 




-1.0 


-5.0 


MA 


L 


Bias Current @V L 


-3V«*V L <+5.5V;V H = 48.0V 




-1.0 


-5.0 


ma 


TCi H 


Max Temperature Drift in l H 


V H = 7.0V;25°C<T A <70°C; 






40 


rW°C 






(output not switching) 










TCI L 


Max Temperature Drift in l L 


V L = -2.0;25°C<TC^70°C 






40 


nA/°C 






(output not switching) 










AIBDC 


Variation in l H> l L with Power 


Vh=- 1.0 V to 46 V 


-2.0 




+2.0 


HA 




Supply and DC Voltage at V H or V L 


V L =-3V to 45.5V 










V HL BW 


V HL BW 


-3 dB point from V H L BW to V 0UT 




50 




kHz 
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DC Electrical Characteristics (continued) 



Symbol 


Parameters 


Test Conditions 


Min 


TVp 


Max 


Units 




Signal Output V 0 ,V 0TERM 












VOH 


Range for High Level Voltage 


V cc = 10V, V EE = -5.2V 


-1.0 




+8.0 


V 






V CC = 12V, V EE = 4.2V 


+1.0 




+10.0 


V 






V CC = 8V,V EE = -72V 


-3.0 




+6.0 


V 


Vol 


Range for Low Level Voltage 


V C c=10V,V EE = -52V 


-3.0 




+5.5 


V 






V cc = 12V, V EE = -3.2V 


+1.0 




+7.5 


V 






V CC = 8V,V EE = -72V 


-5.0 




+3.5 


V 


5V0H 


Offset to Output High Level 


SVqh = |V H - VOH|, VH = 0V,VL= -3V 
-1.0V<V H <+8V;V L =-2V 




30 


100 


mV 


5V a 


Offset to Output Low Level 


5V a = |V L -VOL|, VH = 8V, VL= OV 
-3V<VL<+5.5V; V H = +7V 




30 


100 


mV 


VTC 


Output Voltage Drift 


-3V < V L <+5.5V, -1 .OV < V H <+8V 




0.1 


0.5 


mV/°C 


EG 


Gain Error 


-3.0V<V L <+5.5V,V H =+8V 
-1.0V£V H £+7.5V,V L =-3V 


-1.0 




+1.0 


Wset 




Linearity Error 


ov^v^w^+sv 

OV < V H < 45V, V L = -3V 


-0.3 




+0.3 


°/<> v SET 






-3.0V <V L < +5.5V, V H = +8V 


-0.5 




+0.5 


%V SET 






-1 .OV <V|4< +7.5V, V L = -3V 










z an 


Output Impedance 


V o (RC7310) 




12.6 




Q 


■ac 


AC Current Drive 




70 


100 




mA 


■dc 


DC Current Drive 




50 






mA 




Thermal Shutdown Output (TS) 












v a 


Output Low Level 


iQI_=4mA 






0.5 


V 


»CL 


DC Current Limit 




70 


110 


130 


mA 


TS 


Shutdown Die Temperature 




115 


130 


160 


°C 




Other 












•cc 


Positive Supply Current 






60 




mA 


'EE 


Negative Supply Current 






60 




mA 


PbnvQ 


Output Level to Power bupply 


v cc» AV cc =:t2 - 5/o 


VIA 

40 






<JD 




Rejection Ratio 


V EE ;AV EE =i2.5% 


40 






dB 


PSRV SL 


Output Slew Rate to Power Supply 


V cc ;AV cc =±200mV 






4 


% 




Rejection Ratio 


V EE ;AV EE = ±200mV 






4 


% 




Operating Temperature 


Still Air 


0 


25 


50 


OQ 




Range 


Air Flow > 300 Ifpm 


0 


25 


70 


°C 
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AC Electrical Characteristics 

V C q = 1 0V ±3%, V EE = -5.2V ±5%, T A = 25°C (still air) and the load is a 50Q transmission line with 2.0 ns one-way delay, 
unless otherwise specified. The transmission line should be back-terminated in 50ft (±1%) using an external resistor. The 
measurement probe is a high impedance FET probe with capacitance no greater than 6 pF and resistance no smaller 
than 10 kil 



Symbol 


Parameters 


Test Conditions 


Min 


TVp 


Max 


Units 


SLR 


Slew Rate 
(SRCM and SRCA 


V H -V L = 5V; measured between 
20% and 80% points. 












Adjusted) 


With probe only as bad 


12 


1.6 




V/ns 






With probe and transmission line 


1.1 


1.5 




V/ns 


SLR 


Slew Rate 

(No SRCM and SRCA 


V H -V L = 5V; measured between 
20% and 80% points. 












Adjustment) 


With probe only as bad 


1.0 


1.4 




V/ns 






With probe and transmissbn line 


1.0 


1.4 




V/ns 


tR 


Rise Hmeand 


Load is Probe Only 










t F 


Fall Time 


Amplitude = 0.8V (20% to 80%) 




0.6 


0.8 


ns 




(SRCM and SRCA 


3V (10% to 90%) 




1.7 


2.0 


ns 




Adjusted) 


5V (10% to 90%) 




2.4 


2.9 


ns 






9V (10% to 90%) 




4.0 


4.8 


ns 


tR 


Rise Time and 


Load is Probe Only 










t F 


Fall Time 


Amplitude = 0.8V (20% to 80%) 




0.7 


1.0 


ns 




(No SRCM and SRCA 


3V (10% to 90%) 




2.0 


2.4 


ns 




Adjustment) 


5V (10% to 90%) 




2.8 


3.6 


ns 


f 


Toggle Rate 


9V (10% to 90%) 
Amplitude = 0.8V 


250 


4.8 
270 




ns 
MHz 






Amplitude = 5.0V 


105 


110 




MHz 




Propagation Delay 












¥lh 


Low to High 


f = 10 MHz; Vqh = +0.4V; V a = -0.4V 




1.6 


2.0 


ns 


*PHL 


High to Low 






1.6 


2.0 


ns 


Atp 


Matching |tp m -t P nil 






150 


175 


ps 


tpTC 


Temperature Coefficient 






2 




ps/°C 


tPW MIN 


Minimum Pulse Width 


V H - V L = 2.0V; Pulse Width at which 
amplitude drops by 50 mV, 
measured between 50% points 


2.0 






ns 


AtpPW 


Propagation Delay 
Variation with Pulse Width 


2ns<PW<98ns;f=10MHz; 
Vqh = 40.4V; Vol= -0.4V 


-75 




+75 


ps 


PS 


Preshoot 


0.5V<|VoH-V a |<5V 




15mV+ 
3%ofVA 




mV 


OS 


Overshoot 


0.5V<|V OH -V OL |<5V 




50mV+ 












4%ofVA 




mV 


*s 


Output Settling Time 


l v OH- v al = 5V; 
ToWithin3%of|V OH -V OL | 
To Within 1% of IVoh-VqlI 




5 
10 




ns 
ns 
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Block Diagram 



VHO- 



Vhc o- 

VlN+O- 
V|N-0- 



Vlco- 

Gnd o- 
TST o- 



Vcc V EE 



SRC a 



LJ I I 



SRCm Vcco 
Q 



Refs & Temp 
Compensation 



AbsoluteSlew 
Rate Control 



Slew Rate 
Control Match 



Offset Control 
and Switching 




Temperature 
Sensing 



,RC7311Ti 
LfifiL-i 



OO f 

V 0 (RC7311) 
Voterm(RC7311T) 



-o Veeo 



-OTS 



65-5235 
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RC7311 

250 MHz ATE Pin Electronics Driver 



Features 

♦ High output slew rate (1 .8 V/ns typical) 

♦ Wide output voltage range (-3.0V to +8V), and up to 
10 Vp-p swings 

♦ 250 MHz minimum operation for ECL swings 

♦ Wide input common mode range for ease of interface 
to ECL as well as TTL and CMOS 

♦ Output short-circuit protection with current limiter and 
thermal shutdown 

♦ 1 00 mA dynamic switching current drive 

♦ Absolute slew rate control 

♦ Available in 28-pin PLCC 

♦ Low output voltage offset (30 mV) and output offset 
drift (0.1 mV/°Ctyp.) 

♦ Low input bias current (1 pA typical) and current drift 
(40 nA/°C) for output level program allows direct 
coupling to a DAC output. 

Applications 

♦ ATE pin electronics driver 

♦ Precision waveform generator 

♦ Level translator 

♦ Differential line receiver 

♦ General purpose driver 

♦ Switch driver 

♦ Laser driver 

♦ CRT preamplifier 



General Product Description 

The RC7311 Pin Electronics Driver is an economical 
alternative to standard pin electronics drivers in 
applications that do not require three state capability in 
the driver. An example of such an application would be 
the large number of input address pins found in memory 
testers. 

The driver output levels are programmable between - 
3.0V and +8V to drive ECL, TTL and CMOS logic 
families. The peak to peak output swing can vary from 
values lower than 300 mV to values as high as 1 0V. With 
toggle rates greater than 250 MHz for ECL signals and 
typical slew rates of 2 V/ns for 5 Vp-p signal amplitudes, 
the RC731 1 is compatible with the requirements of state- 
of-the-art testers. The high and low limits of the output 
swing are set through the program pins V H and V L , 
respectively. The transfer characteristic from the program 
pins to the output pin is unity gain with low offset (30mV) 
and offset drift (0.1mV/°C typical). The V H and V L inputs 
have been buffered to operate with low bias currents (1.0 
\iA typical) allowing direct coupling to the output of a 
DAC. 

The RC7311 is provided with high speed differential ECL 
inputs for ease of interface with the differential ECL 
outputs of a timing generator. The inputs have a wide 
voltage range, -2V to +6V, so that if required, an input 
may be driven by TTL or CMOS devices provided that 
the other input is tied to the appropriate threshold value. 

The RC731 1 is specified at nominal power supply values 
of 10V and -5.2V, and commensurate output voltage 
swing limits of -3.0V and +8V. The supply rails may be 
raised by 2V to achieve an output high level (V 0H ) of 
+10V, or lowered by 2V to achieve an output low level 
(V 0 l) of -5V. At all times there must be at least a 2V 
margin between the positive supply and the maximum 
value of V 0 h» and between the negative supply and the 
minimum value of Vq L . 

The RC7311 is implemented using Raytheon's high 
performance precision complementary bipolar process. 
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Pin Definitions 
Name Function 

Vqq Quiet positive supply. The nominal value is 1 0V i3%. 
For output high voltage levels (Vqh) greater than the 
nominal value of +8V, V cc should be raised 2V 
above the maximum Vqh value. Whenever V EE is 
lowered to provide margin at the output low level, 
Vqq should also be lowered by the same amount 
Vqq should be bypassed to the ground plane with a 
1 0,000 pF chip capacitor placed as close to the pin 
as possible. 

V EE Quiet negative supply. The nominal value is -5.2V to 
±5%. For output low voltage levels (Vql) less than - 
3V, V EE should be lowered 2V below the minimum 
Vql value. Whenever Vqq is raised to provide 
margin at the output high level, V EE should be raised 
by the same amount. V EE should be bypassed to 
ground with a 1 0,000 pF chip capacitor placed as 
close to the pins as possible. 

v CCO Positi v e supply for the output stage. This supply is 
brought out separately to minimize the supply noise 
generated when the output switches. Vqqq should 
be bypassed to the ground plane with a 1 0,000 pF 
chip capacitor placed as close to the pin as possible 
and then immediately connected to Vqq. 

v EEO Negative supply for the output stage. This supply is 
brought out separately to minimize the supply noise 
generated when the output switches. V EE0 should 
be bypassed to the ground plane with a 1 0,000 pF 
chip capacitor placed as close to the pin as possible 
and then immediately connected to V EE . 

GND Chip ground. These pins should be connected to the 
printed circuit board's ground plane at the pins. 

TST Pin used for factory testing the thermal characteristics 
of the device. The pin should be left unconnected or 
tied to GND. 

V H Analog program input that sets the output high level 
(Vqh). The transfer characteristic from V H to Vqh is 
nominally unity gain. 

V L Analog program input that sets the output low level 
(Vq_). The transfer characteristic from V L to Vql is 
nominally unity gain. 

V HC Bypass for analog program input high, V H . V H q 

should be bypassed to the ground plane with a 1 000 
pF chip capacitor placed as close to the pin as 
possible. 



Name Function 

V L q Bypass for analog program input low, V L . V LC 
should be bypassed to the ground plane with a 
1 000 pF chip capacitor placed as close to the pin as 
possible. 

V jN+ Differential digital inputs. The output will toggle 
Vj N . between the two levels dictated by V H and V L as 
the differential signal is switched. Although these 
inputs will normally be driven by ECL signals, they 
have a wide enough common mode range that any 
one of the inputs may be driven by a TTL or CMOS 
signal provided that the other input is tied to the 
appropriate threshold voltage. 

V 0 Driver output of RC731 1 . The output impedance is 
12.6ft ±1 .5£2 The output is usually back-terminated 
in the characteristic impedance of the driven 
transmission line. For a 50Q line, a 37.4£2±1% or 
better resistor should be placed externally as close 
to the output pin as possible to minimize reflections 
and ringing. The resistor should also be able to 
dissipate 0.8ft to sustain the short-circuit current of 
the output 

OF On chip filter to improve output waveform (optional). 
This pin connection is optional and should be left 
unconnected if not used. When used OF pin 
should be tied to the termination node that is directly 
connected to the DUT. 

SRCA Absolute slew rate control. By applying current at 
this pin, small changes in slew rate can be 
programmed with an external DAC. This control pin 
affects both positive and negative edge rates. If this 
slew rate control is not desired this pin should be left 
open. 

CIM1 Optional: A 1 0,000 pF chip capacitor could be 
CIM2 placed between CIM1 and CIM2 to improve 
impedance matching across different voltage 
swings. With this capacitor, output impedance stays 
more constant with changes in voltage swings. If 
not used, leave pins CIM1 and CIM2 open. 

SRCM Slew rate control matching. By applying current at 
this pin, small changes in slew rate can be 
programmed with an external DAC. This control pin 
adjusts the match between positive and negative 
edges . If this slew rate control is not desired this 
pin should be left open. 
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Pin Definitions (continued) 



Connection Information 



Name Function 

TS Active low output notifies thermal shutdown has 
occurred. In the event of a short-circuit or other fault 
that causes the die temperature to rise between 
1 15°C and 1 60°C, the thermal shutdown will 
activate. If the fault persists, the device will toggle 
back and forth between shutdown and normal 
operation at a frequency in the tens of Hertz. TS is 
an open collector output capable of driving two 
standard TTL bads. The TS pins of several drivers 
may be wired together and input to a latch to 
indicate an alarm condition. 

NC No connection. 



28-pin PLCC Package 
(Top View) 



4 3 2 1 282726 
.nnnQnnn, 




12131415161718 



65-5741 



Pin Function 
1 Vn 
2 
3 
4 
5 
6 
7 
8 
9 
10 



OF 
CIM1 
CIM2 
TST 
NC 
v CCO 



V C C 
V H C 

V L C 

11 SRCM 

12 SRCA 

13 NC 

14 V IN , 



Pin Function 

15 V |N+ 

16 GND 

17 NC 

18 V H 

19 V L 

20 NC 

21 NC 

Veeo 

NC 



22 
23 
24 



25 TS 

26 NC 

27 NC 

28 GND 



Absolute Maximum Ratings (1) 



Positive power supply, V cc ...13V 

Negative power supply, V EE -8.2V 

Difference between V cc and V EE 16V 

Input voltage at V, N+ , V| N _ V cc -12V 

V EE +12V 

Input voltage at V H , L V cc -13V 

V EE +13V 

Differential input voltage, |Vj N+ - Vj N .| 6V 

Difference between V H & V L , (|V H - VJ) 13V 

Driver output voltage Vqq -13V 

V EE +13V 

Output voltage at TS 7V 

Duration of short-circuit to ground Indefinite 

Operating temperature range 0°C to 70°C 

Storage temperature range -65°C to +125°C 

Lead temperature range 

(Soldering 10 seconds) 300°C 



Notes: 

1 . "Absolute Maximum Ratings" are those beyond which the safety 
of the device cannot be guaranteed. They are not meant to 
imply that the device should be operated at these limits. If the 
device is subjected to the limits in the absolute maximum ratings 
for extended periods, its reliability may be impaired. The tables 
of Electrical Characteristics provide conditions for actual device 
operation. 



Ordering Information 



Operating 

Part Number Package Temperature 

Range 

RC7311QA OA 0°Cto+70°C 

Notes: 

QA« 28-pin PLCC 
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Recommended Operating Conditions 



Symbol 


Parameters 


MIn 


Typ 


Max 


Units 


T 


Case operating temperature^ ) 


0 




70 




v C c 


Positive supply voltage 


9.7 


10.0 


10.3 


V 


v E e 


Negative supply voltage 


-5.45 


-52 


-4.95 


V 


Vcc-Vee 


Difference between positive and negative supply 




15.2 


15.8 


V 


VdH'VoL 


Range for output high level and output low level 


V EE +2V 




V CC -2V 


V 


|VoH-v OL l 


Output amplitude 


0.4 




10.0 


V 


Rt 


Output back-termination resistor for RC7311 




37.4 




CI 



Notes 

1. With airflow >300 Ifpm 



DC Electrical Characteristics 



V cc - 1 0V i3%, V EE = -5.2V ±5% T A - 25°C (still air), no toad, unless otherwise specified 
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Doromafare 


lesi V/Onuniuns 
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units 




niffararitial Inniito 
UlllcidHial inpui9 














Vin Vim 












v IN+» V IN- 


AhcTih ftp Inni it X/nltanp 








tO.v 


V 


V ID 


fttfforontiol Inm it Donna 

L/iiiui oi iucu ii i|jui ncuiyu 


l v IN+ V IN-I 


OA 


CV/L 


r n 


V 


'lN+' 'lN- 


Bias riurrpnt 

UlOO will 1 CI 11 


-2V<ViK LL <+ev 




-100 

1 WW 


-250 


iiA 




AhsohrtP SLR Cnntml 












V SRCA 


\Aji i jjiicu iv/C vvjiicxyc ncu lyc 


VLJ — "TVV, VI— V/V 


-£.0 






W 
V 


Iqp^a 


Control Current Range 




-1.5 




+15 


mA 


% SLR Max 


%SLR Absolute Change 


W-2-0 




-20 




% 


%S| pMax 


%SLR Absolute Change 


W-2-4 




-40/+25 




% 




Matching SLR Control, SRCM 












V SRCM 


Compliance Voltage Range 


V H =+5V,V L =-0V 


0.3 


0.6 


0.9 


V 


'SRCM 


Control Current Range 




-0.5 




+0.5 


mA 


% SLR 


Max % SLR Matching Change 






30 




% 




Voltage Program Inputs V^ 












v H 


V H Range 


VCC-10V.VEE--62V 


-1.0 




+3.0 


V 






Vcc -12V, -^v 


+1.0 




+10.0 


V 






VcC = 8V,Vee = -72V 


-3.0 




+6.0 


V 


v L 


V L Range 


V C c = 10V,Vee=-52V 


-3.0 




+5.5 


V 






Vcc = 12V, V ee = -3.2V 


-1.0 




+7.5 


V 






Vcc = 8V,Ve E = -72V 


-5.0 




+3.5 


V 


v A 


IVoh-VolI 


Output Voltage Amplitude 


0.30 




10 


V 


'H 


Bias Current @V H 


-1.0V:£V H <;+8V;V L =-3.0V 




-1.0 


-5.0 


uA 


"l 


Bias Current @V L 


-3VSV L S+55V;V H = +8.0V 




-1.0 


-5.0 


HA 


TCI H 


Max Temperature Drift in l H 


V H = 7.0V;25°CST A S70°C; 






40 


rW°C 






(oulput not switching) 










TCI L 


Max Temperature Drift in l L 


V L =-2.0;25°CSTCS70 <, C 






40 


nA/°C 






(oulput not switching) 
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DC Electrical Characteristics (continued) 
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IvTOl V/WI IUIIIUI 19 
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■Villi 


TVn 
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VI 1119 


AIDUv/ 


variation in iu, ii witn rower 


w 1 OW tn iQ\/ 
Vu= - I .UV ID +OV 


-1 ft 
-I.O 




+ 1 .0 


iiA 




ouppty ana la/ voiiage ax vj_j or vj_ 


Vl = S5V IU +0.0V 










V. • • RW 

V H,L DVV 


V H,L DV¥ 


_3 HR nnint from Vi • • RW to V^i i-r 




50 




kHz 




oignai uuipui vq, VQ-nrp^ 












V 0H 


rvcu lyo lOi niyi i luvbi vuiidyu 


v«« - mv v,-, row 

V CC "* ' EE "" 3, ^ v 


-1 0 




+ft 0 

TO.U 


V 
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+1 0 
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V 
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-3.0 




+5.5 


v 
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4.1 0 

T 1 .V 




4-7 *> 


V 

V 






V CC " ov ' V EE - ' 






435 


v 


0V 0H 


Offset to Outout Hinh LpvpI 


SvW. - IVu - V^vil Vu = 0V VL= -3V 




30 


50 


mV 
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^n 

OU 
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OU 
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U. I 


U.O 
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-1 nv<\/. 
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oaiii error 


-O.UV 2s Vl 2s +0.0 V, VU= +0V 
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/oV SET 
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-0 5 
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- 

n)UT 


Oi ifni it ImnoHanpo 

wUUJUl II 1 ipeUOU IV/C 


V*> rRC7311^ 
vq ^r\v/# oil) 




1? fi 




it 


'AC 


AO f^i irrpnt Rriv/P 




70 


100 

1 w 




mA 


'DC 


L/v/ v/UIICIIl UMVC 




*50 






mA 




Thermal Shutdown Outout fTSl 












V 0L 


Oi itni it 1 ow ( pv/pI 








0 5 


v 


'CL 


DC Current Limit 

I^^S VUI 1 Wl 1 L kill 1 lit 




70 


110 


130 


mA 


TS 


Shutdown Dip TpmoGraturp 




115 


130 


160 


°C 




Other 












'CC 


rosiuve ouppiy uurrent 






CO 
OU 




mA 


'EE 


Mpfifltivp Si innlv fii irrpnt 






60 




mA 


PSRV 0 


Outout Level to Power SuddIv 


V^: AV^ = +25% 
CC' cc /o 


40 






<B 




Rejection Ratio 


V EE ;AV EE = i2.5% 


40 






dB 


PSRV SL 


Output Slew Rate to Power Supply 


V CC ;AV CC = ±200 mV 






4 


% 




Rejection Ratio 


V EE ;AV EE = i200mV 






4 


% 




Operating Temperature 


Still Air 


0 


25 


50 


°C 




Range 


Air Flow > 300 Ifpm 


0 


25 


70 


°C 
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AC Electrical Characteristics 

V C q = 10V ±3%, V EE = -5.2V ±5%, T A = 25°C (still air) and the load is a 50H transmission line with 2.0 ns one-way 
delay, unless otherwise specified. The transmission line should be back-terminated in 50Q(±1%) using an external 
resistor (RC731 1). The measurement probe is a high impedance FET probe with capacitance no greater than 6 pF and 
resistance no smaller than 1 0 k£l 



Symbol 


Parameters 


Test Conditions 


Min 


TVp 


Max 


Units 


SLR 


Slew Rate 

(Adjust both SRCM& 


V H -V L = 5V; measured between 
20% and 80% points. 












SRCA) 


With probe only as load 


1.6 


1.8 




V/ns 






With rvnlv* anrl trancmiccinn lino 

Willi [JlVjUt/ UlIU U CM lol 1 lloolUI 1 Wig 




1 7 




V/n<* 

v/i lo 


SLR 


Slew Rate 
(No SRCM & 


Vj^-Vl = 5V; measured between 
20% and 80% points. 












SRCA Adjustment) 


With probe only as load 


1.4 


1.6 




V/ns 






With probe and transmission line 


1.35 


1.5 




V/ns 


*R 


nise 1 ime ana 


Loao is rroDe uniy 










t c 
l F 


Fall Time 


Amplitude = 0.8V (20% to 80%) 




0.60 


0.5 


ns 




yOrivslVI (X 


OV \ 1 U /O VJ *3\J /Of 




1 7 


1 Q 


Mo 




SRCA Adjusted) 


5V (10% to 90%) 




2.4 


2.8 


ns 






9V (10% to 90%) 




4.0 


4.5 


ns 


n 


Rise Time and 


Load is Probe Only 










tr 

T 


Fall Time 


Amplitude = 0.8V (20% to 80%) 




0.7 


0.9 


ns 




(No SRCM & 


3V (10% to 90%) 




1.8 


2.2 


ns 




SRCA Adjustment) 


5V (10% to 90%) 




2.6 


3.2 


ns 






9V (10% to 90%) 




4.5 


5.2 


ns 


f 


Toggle Rate 


Amplitude = 0.8V 


250 


270 




MHz 






Amplitude = 5.0V 


105 


110 




MHz 


*DI U 

rLn 


Prooaaation Delav 
Low to High 


f = 10 MHz; V 0H = +0.4V; V 0L = -0.4V 




1.6 


1.9 


ns 




High to Low 




1.6 


1.9 


ns 




Atp 
r 


Matchinq Itoi u - tow 1 






150 


PS 




tpTC 


TemDerature Coefficient 






2 




DS/°C 


tPW MIN 


Minimum Pulse Width 


V H - V L = 2.0V; pulse Width at which 


2.0 






ns 




amplitude drops by 50 mV, 
measured between 50% points 










AtpPW 


Propagation Delay 
Variation with Pulse Widtt 


2ns<PW<98ns;f = 10MHz; 
i V OH = +0.4V;V OL = -0.4V 


-75 




+75 


ps 


PS 


Preshoot 


0.5V<|V OH -V OL |<5V 






15mV + 












3%ofVA 


mV 


OS 


Overshoot 


0.5V<|V OH -V o J<5V 






50 mV + 












4%ofVA 


mV 


*s 


Output Settling Time 


l v OH-V 0 Ll = 5V; 

To Within 3% of |V 0H -V 0L | 

To Within 1% of |V 0H -V 0L | 




5 
10 




ns 
ns 
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Block Diagram 



V H c O- 
Vho- 



V W +o- 

V.N.O- 



Vlc o- 
Gnd o- 
TST o- 



Vcc V EE 



R©fs & Temp 
Compensation 



+SRC 



-SRC 



1_L , I 



Vcco 
p 



Positive Slew 
Rate Control 



Negative Slew 
Rate Control 



Temperature 
Sensing 
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RC7315/RC7315T 

Three-State ATE Pin Electronics Driver 



Features 

♦ High output slew rate (1 .8 V/ns typical) 

♦ Wide output voltage range (-2.5V to +7V), and up to 
9.5 Vp-p swings 

♦ Three-state/high impedance output 

♦ High repetition rate (250 MHz for ECL swings) 

♦ Low output offset (20 mV typ.) and output offset drift 
(0.1 mV/°Ctyp.). 

♦ Low leakage (1 0 nA typ.) and low output 
capacitance (3 pF typ.) in high impedance inhibit 
mode 

♦ RC731 5TEL is pin-for-pin compatible with AD1 322 

♦ High speed differential inputs with wide common 
mode range for ease of interface to ECL as well as 
TTL and CMOS levels 

♦ Output short circuit protection (Safe Operating Area 
protection with current limiting and thermal 
shutdown) 

♦ 1 00 mA typ. dynamic current drive capability 

♦ Absolute slew rate control 

♦ Available in 28-pin PLCC, or 16-pin gullwing lead 
package 

♦ Packaged parts available in unterminated (RC7315) 
or 50ft series terminated (RC7315T) configurations 

Applications 

♦ ATE Pin electronics driver 

♦ Precision waveform generator 

♦ Level translator 

♦ Differential line receiver 

♦ General purpose driver 

♦ Laser driver 

♦ CRT preamplifier 



General Product Description 

The RC7315 Pin Electronics Driver is designed for use 
in all high speed ATE systems which require pin drivers 
with three state capability and high slew rates. The 
RC7315 has the ability to drive a 50ft transmission line 
of up to 2 feet in length with a slew rate of 1 .8 V/ns and 
repetition rate of over 250 MHz for ECL output levels. 
These features, combined with a maximum output 
swing of 9.5 Vp-p over the range of -2.5V to +7V, 
provide this circuit with the ability to test TTL, CMOS, 
ECL and GaAs devices. The high and low limits of the 
output swing are set through the program pins V H and 
V L , respectively. The transfer characteristic from the 
program pins to the output pin is unity gain with very low 
offset drift. The VH and V L inputs have been buffered to 
operate with low bias currents (1 \UK typical) allowing 
direct coupling to the output of a DAC. 

When the RC7315 is used on an I/O pin, it may be 
forced into the high impedance state through the INH+ 
and INH- differential inputs. In the high impedance 
state, excellent isolation is provided between the output 
of the disabled driver and the pin by virtue of low driver 
output capacitance (3 pF typical) and low output 
leakage (10 nA typical). 

The RC7315 is provided with high speed differential 
ECL inputs for ease of interface with the differential ECL 
outputs of a timing generator. The inputs have a voltage 
range of -2V to +6V, so that if required, an input may be 
driven by TTL or CMOS devices provided that the other 
input is tied to the appropriate threshold value. The pin 
driver is available in unterminated RC7315 or 50Q 
series terminated RC7315T configurations. The 
RC7315TEL is pin-for-pin compatible with the Analog 
Devices AD1322 driver. 

The RC7315 is implemented using Raytheon's high 
frequency complementary bipolar process. 
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Pin Definitions 

Name Function 

V C q Quiet positive suppiy. The nominal value is 

10V i3%. For output high voltage levels (V 0 h) 
greater than the nominal value of +7V, V C q 
should be raised 3V above the maximum value 
of Vqh- Whenever V EE is lowered to provide 
margin at the output low level, V cc should 
also be lowered by the same amount. V cc 
should be bypassed to ground with a 10,000 
pF chip capacitor placed as close to the pins 
as possible. 

V EE Quiet negative supply. The nominal value is 
-5.2V i5%. For output low voltage levels (V 0L ) 
less than the nominal value of -2.2V, V EE 
should be lowered 3V below the minimum 
value of V 0 |_. Whenever V cc is raised to 
provide margin at the output high level, V EE 
should also be raised by the same amount. 
V EE should be bypassed to ground with a 
10,000 pF chip capacitor placed as close to 
the pins as possible. 

V cco Positive supply for the RC731 5 output stage. 
This supply is brought out separately to 
minimize the supply noise generated when the 
output switches. Vq C0 should be bypassed to 
the ground plane with a 10,000 pF chip 
capacitor placed as close to the pin as pos- 
sible and then immediately connected to Vqq. 

V EE0 Negative suppiy for the RC731 5 output stage. 
This supply is brought out separately to 
minimize the supply noise generated when the 
output switches. V EE0 should be bypassed to 
the ground plane with a 1 0,000 pF chip 
capacitor placed as close to the pin as pos- 
sible and then immediately connected to V EE . 

CI+ Output stage positive supply decouple for 

TC7315TEL only. C !+ should be bypassed to 
the ground plane with a 1 ,000 pF chip capaci- 
tor placed as close to the pin as possible. 

CI+ Output stage negative supply decouple for 
TC7315TELonly. C,. should be bypassed to 
the ground plane with a 1 ,000 pF chip capaci- 
tor placed as close to the pin as possible. 

GND Chip ground. Should be connected to the 

printed circuit board's ground plane at the pin. 



Name Function 

V H Analog program input that sets the output high 
level (Vq H ). The transfer characteristic from 
V H to V 0 h is nominally unity gain. 

V L Analog program input that sets the output low 
level (V 0L ). The transfer characteristic from V L 
to V 0 l is nominally unity gain. 

Cvol Bypass capacitor for V 0H and V 0 l respec- 
C VO h tively. Pins C V ol and ^VOH should be by- 
passed to the ground plane with a 1 ,000 pF 
chip capacitor placed as close to the pin as 
possible. 

V| N+ Differential digital inputs. The output will 
V|N» toggle between the two levels dictated by V H 
and V L as the differential signal is switched. 
Although these inputs are normally driven by 
ECL signals, they have a wide enough com- 
mon mode range that any one of the inputs 
may be driven by a TTL or CMOS signal 
provided that the other input is tied to the 
appropriate threshold voltage. 

V 0 Driver output on RC731 5. The output imped- 
ance is 8Q ±2£1 The output is usually back 
terminated in the characteristic impedance of 
the transmission line it drives. For a 50Q line, a 
40ft ±1% resistor should be placed externally 
as close to the output pin as possible to 
minimize reflections and ringing. The resistor 
should also be able to dissipate 0.8a to 
sustain the short circuit current of the output. 

v OTERM Dr ' ver 0Lrt P ut on R C731 5T. This version is 
packaged with an internal back termination 
resistor. The output impedance is 50£2±2.5£1 

INH+ Differential digital inputs. When INH is true 
INH- (i.e. IHN+ > INH-), the driver is forced into the 
high impedance state. Although these inputs 
are normally driven by ECL signals, they have 
a wide enough common mode range that any 
one of the inputs may be driven by a TTL or 
CMOS signal provided that the other input is 
tied to the appropriate threshold voltage. 

SRCA Slew rate control for both edges. Slew rate of 
both rising and falling edges decreases as the 
control current is changed from 0 mA to -0.5 
mA. SRC can be programmed with a current 
DAC or set to a fixed value using a resistor. 
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Pin Definitions (continued) 
Name Function 

SRCM Increases the speed of the falling edge to match 
the rising edge 

TS Active low output notifies thermal shutdown has 
occurred. In the event of a short circuit or other 
fault that causes the die temperature to become 
excessively large, the thermal shutdown will 
kick in at a die temperature between 1 1 5°C and 
160°C. If the fault persists, the device will toggle 
back and forth between shutdown and normal 
operation at a frequency in the tens of Hertz. TS 
is an open collector output capable of driving 
two standard TTL loads. The TS pins of several 
drivers may be wire-ORed together and input to 
a latch to indicate an alarm condition. 

NC No connection. 



Ordering Information 







Operating 


Part Number 


Package 


Temperature 






Range 


RC7315QA 


QA 


0°Cto+70°C 


RC7315TEL 


EL 


0°Cto+70°C 


RC7315TAEL 


EL 


0°Cto+70°C 



Notes: 

QA « 28-pin PLCC 

TEL * 16-pin Gullwing, 50Q termination (AD 1322 pinout) 
TAEL » 16-pin Gullwing, 50Q termination 



Connection Information 



28-pin PLCC 
(Top View) 

4 3 2 1 282726 



5 [ 

6 [ 

7 [ 

8 [ 

9 [ 

10 [ 

11 I 



125 
124 
I 23 
I 22 
121 
] 20 
]19 



12131415161718 



65-5741 



Pin 


Function 


Pin 


Function 


1 


GND 


15 


TS 


2 


v C c 


16 


v H 


3 


SRCM 


17 


C VOL 


4 


v E e 


18 


v E e 


5 


v E e 


19 


v E e 


6 


Vqut 


20 


C VOH 


7 


SRCA 


21 


V| N - 


8 


NC 


22 


V| N+ 


9 


v cco 


23 


INH- 


10 


v E eo 


24 


INH+ 


11 


v E e 


25 


V E E 


12 


v E e 


26 


v E e 


13 


v L 


27 


NC 


14 


NC 


28 


NC 



16-pin Ceramic Leaded Chip Carrier 
with Gullwing Leads 
(Top View) 





1c£}= 




= 16 








=315 




3 = 




=□14 




4 = 


RC7315T 


=313 




5 = 


= 12 




6 = 








7t= 




= 10 




8c= 




= 9 








65-5313 


RC7315TEL 


RC7315TAEL 


Pin 


Function pi n 


Function 


1 


GND 


1 


GND 


2 


NC 


2 


SRCM 


3 


VqTERM 3 


V OTERM 


4 


NC 


4 


SRCA 


5 


C| + 


5 


DNC* 


6 


C|- 


6 


DNC* 


7 


v L 


7 


Vf 


8 


DNC* 


8 


TS 


9 


GND 


9 


GND 


10 


v H 


10 


v H 


11 


V| N - 


11 


V|N- 


12 


V| N+ 


12 


V| N+ 


13 


INH- 


13 


INH- 


14 


INH+ 


14 


INH+ 


15 


v E e 


15 


v E e 


16 


v C c 


16 


v C c 


*DNC 


= Do Not Connect 
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Absolute Maximum Ratings ( 1 > 

Positive power supply, V cc 13V 

Negative power supply, V EE -8.2V 

Difference between V cc and V EE 17V 

Input voltage at V, N+ , V, N ., INH+ INH- V cc -12V, 

V EE +12V 

Input Voltage at V H , V L V cc -13V, 

V EE +13V 

Differential input voltage, |V IN+ - V, N J, |V, NH+ - V, NH J 6V 

Difference between V H & V L (IV H - V L I) 11V 

Input voltage at SRCA -3V/+7V 

Slew rate control current -2.0 mA 

Driver Output Voltage V cc -13V, 

V EE +13V 

Output voltage at TS 5V 

Duration of short-circuit to ground Indefinite 

Operating temperature range 0°C to +70°C 

Storage temperature range -65°C to +125°C 

Lead temperature range 

(Soldering 10 seconds) 300°C 



Notes: 

1. "Absolute maximum ratings" are those beyond which the safety 
of the device cannot be guaranteed. They are not meant to 
imply that the device should be operated at these limits. If the 
device is subjected to the limits in the absolute maximum 
ratings for extended periods, its reliability may be impaired. The 
tables of Electrical Characteristics provide conditions for actual 
device operation. 



Recommended Operating Conditions 



Symbol 


Parameters 


Mill 


Typ 


Max 


Units 




Case operating temperature 




25 




°C 


v C c 


Positive supply voltage 


9.7 


10.0 


10.3 


°C 


v EE 


Negative supply voltage 


-5.45 


-5.2 


-4.95 


V 


Vcc-Vee 


Difference between positive and negative supply 




15.2 


15.8 


V 


VoH.v OL 


Range for output high level and output low level 


-2 




7.0 


V 


VOH-VOL 


Output amplitude 


0.3 




10.0 


V 


«t 


Output back-termination resistor (RC7315 only) 


38 


41 


42 
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DC Electrical Characteristics 

V cc = 10V i3%, V EE = -5.2V ±5%, T A = 25°C (still air) and the load is a 50 Q transmission line with 2.0 ns one-way 
delay, unless otherwise specified. The transmission line is back-terminated in 50£2(±5%) using either the internal 
termination resistor (RC7315T) or an external resistor (RC7315). 



Symbol 


Parameters 


Test Conditions 


Min 


TVP 


Max 


Units 




Differential Inputs 
V IN+» V IN-» V INH+> V INH- 












V|N-m V||\|- 


Absolute Voltage® Data Inputs 




-2.0 




+6.0 


V 


V|NH+» 
- V INH- , 


Absolute Voltage @ Inhibit 
Inputs INH+, INH- 




-2.0 




+6.0 


V 


ViO 


Differential Input Range 


|V|N+-V|N-1 — 


0.4 


ECL 


5.0 


V 


V DINH 


Differential Inhibit Input Range 


l V INH+ _ V |NH-I 


0.4 


ECL 


5.0 


V 


W j IN- 


Input Bias Current @ Data 
Inputs 


-2V<V, N+I V 1N _<+6V 




-100 




MA 


, INH+» 'iNH- 


Input Bias Current @ Inhibit 
Inputs 


-2V^V lNH+ ,V INH .< + 5V 




-100 




ma 




Absolute Slew Rate Control Input SRCA 










V SRCA 


Compliance Voltage Range 




-2.0 




+2.0 


V 


! SRCA 


Control Current Range 




-0.5 




+0.5 


mA 




Matching Slew Rate Control In 


put SRCM 










V SRCM 


Compliance Voltage Range 




-2.0 




+2.0 


V 


'SRCM 


Control Current Range 




-0.5 




+0.5 


mA 




Voltage Program Inputs 












v H 


V H Range 


V C c = 10V;V EE = -5.2V 


-2.0 




+7.0 


V 


V cc = 12V; V EE = -3.2V 


0 




+9.0 


V 


V CC = 8V;V EE = -7.2V 


-4.0 




+5.0 


V 


Vl 

., 


V L Range 


V C C - 10V; V EE = -5.2V 


-2.5 




+6.0 


V 






v cc= 12V ;%=- 3 - 2V 


-0.5 




+8.0 


V 






Vnn = 8V;V FF = -7.2V 


-4.5 




+4.0 


V 


lu 


Bias Current @ V H 


-1V<V H <+7V;V, =-2.0V 


-5 


-1 




uA 


>L 


Bias Current @V L 


-2V<V L <+5V;V H = 6.0V 


-5 


-1 




MA 


TCI H 


Temperature Drift in l H 


V H = 7.0V;25°C<T C <70°C 
output not switching 






0.1 


|iA/°C 


TCI L 


Temperature Drift in l L 


V L =-2.0V;25°C<T C <70°C 
output not switchina 






0.1 


ma/°c 


AIBDC 


Variation in l H , l L with 
DC voltage at V H or V L 


-1V<V H ^+7V 
-2V<V L <+6V 


-1 




1 


ma 


V HL BW 


-3 dB bandwidth from V H 
or V L tothe output 


-1V<V H <+7V; 
-2V<V L ^+6V; V H -V L = 2.0V 






50 


kHz 
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DC Electrical Characteristics (cont'd) 



Svmbol 


Parameters 


Test Conditions 

I vVl VWI IUIIIWI w 


Mln 


TVd 

■/r 


Max 


Units 


W U 


Signal Output 

V 0» V OTERM 

Output Voltage Range 


V rr = 10V;Vp F = -52V 


-2.5 




+7.0 


V 


V CC = 12V;V EE = 42V 


-0.5 




4-9.0 


V 


Vor = 8V:Vcc=:-72V 


-4.5 




45.0 


V 


v A 


Amplitude 


1 Un UL' 


0.3 




9.5 


V 


Un 


Offset to Output High Level 


V H =0,notoad;V L =-2V 




40 




mV 


5V m = IVu - V m | 

Un i H Un' 










UL 


Offset to Output Low Level 


V H =0,nofoad;V H = +7V 
SVm =IV. -Voil 

u UL l ¥ L UU 




20 




mV 


VTC 


Output Voltage Drift 


-1V<V m ^+7V; 

Un ' 




0.1 




mV/°C 


-2V<Vol<+6V 












Gain Error 


-IV^Vqh^+TV; 




1 


2 


%V SET 


-2V<Vql<+6V 










£i 


Linearity Error 


0^VniiTPirT^+5V 
UU 1 ru 1 




0.5 




%Vcpr 
ofc 1 


-2V£V an ;pirr£+7V 

VJU l nJ l 




1.0 




OCI 


Zoi IT 


Output Impedance 

'out 50 mA 


V 0 (RC7315only) 




8 




Q 


v 0TERM (RC7315Tonly) 




47.5 




ft 


7-L 


Output Leakage Current in 
Inhibit Mode 


-1.0V^V o ^+5V 






10 


nA 


45.0V £V 0 £+7V 




0.5 


1 


pA 


LA/ 


DC Current Drive 




50 






mA 


'AC 


AC Current Drive 




70 


100 




mA 


'CL 


Thermal Shutdown Output (TS) 

Short Circuit Current Limit 




145 




mA 




VTS 


TS Rag Output Level 


lm =4mA 






0.5 


V 


Ttq 


Shutdown Die Temperature 






145 


°C 




Ve MAY 


Other 

Maximum Rail to Rail 
Supply Voltage 






17 




V 


v cc 


Positive SuddIv 


48.0 


4-10.0 


4-12.0 


v 




v E e 


Negative Supply 


-7.2 


-5.2 




V 




ice 


Positive Supply Current 




85 




mA 




<EE 


Negative Supply Current 




90 




mA 




PSRV 0 


Output Level Power Supply 
Rejection Ratio 


v cc ;av c 
vee;% 


c =i2.5% 
f=J2.5% 


40 
40 






dB 
dB 


PSRV SL 


Output Slew Rate Power Supply 
Rejection Ratio @V CC 

@Vee 


V H =5V 
and 

V L =0V 


AV cc =±200mV 
AV EE =i200mV 




4 
4 




% 
% 




Operating Temperature 
Range 


Still Air 

AirRow>300lfp m 


0 


25 


40 


°C 


0 


25 


70 


°C 
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AC Electrical Characteristics 

V cc = 10V i3%, V EE * -5.2V ±5%, T A = 25°C (still air) and the load is a 50Q transmission line with 2.0 ns one-way delay, 
unless otherwise specified. The transmission line is back-terminated in 50£2 (±5%) using either the internal termination resistor 
(RC7315T) or an external resistor (RC7315). The measurement probe is a high impedance FET probe with capacitance no 
greater than 6 pF and resistance no smaller than 10 ka 



Symbol 


Parameters 


Test Conditions 


MIn 


Typ 


Max 


Units 


SLR 


Slew Rate 

(Slew rate not adjusted) 


V H - V L = 5V; Measured 
between 20% and 80% points. 










With probe only as load 


1.6 


1.8 




V/ns 


With probe and transmission 
line 


1.5 


1.7 




V/ns 


*R. 

*F 


Rise Time, and 
Fall Time 

(Slew rate not adjusted) 


Load is Probe Only; 










V A = 1V (20% to 80%) 




0.6 




ns 


V A = 2V (10% to 90%) 




1.2 




ns 


V A = 3V (10% to 90%) 




1.6 




ns 


V A = 5V (10% to 90%) 




2.5 




ns 


f 


Toggle Rate 


Amplitude = 0.8V 


300 


350 




MHz 


Amplitude = 5.0V 


150 


175 




MHz 


! PLH 


Low to High Propagation Delay 


f = 10MHz;V OH = +0.4V; 
V OL = -0.4V 




1.6 




ns 


*PHL 


High to Low Propagation Delay 


f = 10MHz;V OH = +0.4V; 
V OL - -0.4V 




1.4 




ns 


Atp 


Propagation Delay Match 


IHh^phU 




200 




ps 


tpTC 


Propagation Delay Temperature 
Coefficient 






2 




ps/°C 


tPw min 


Minimum Pulse Width 


V H - V L = 2.0V; pulse Width at 
which amplitude drops by 
50 mV, measured between 
50% points. 






2.0 


ns 


AtpPW 


Propagation Delay Variation 
with Pulse Width 


2 ns < PW < 98 ns; 

f = 10MHz;V OH = +0.4V; 

V 0L = -0.4V 




±75 




ps 


*PS 


Preshoot 


0.5V <V A <5.0V 






15mV + 
3%ofV A 




x OS 


Overshoot 


0.5V <V A < 5.0V 






50mV + 
4%ofV A 




*S 


Output Settling Time 


V ASB 5V; 

To within 3% of V A 
To within 1%of V A 




8 
10 




ns 
ns 


*PHZ 
*PLZ 
tpZH 
*PZL 


Propagation Delay from Logic 
High to Inhibit Mode 


V 0 H = 1V;V OL = -1V 
Load = 100Q||15pF; 

Propagation delay is 
measured to the point 
at which voltage has 
changed by 200 mV. 




2.9 




ns 


Propagation Delay from Logic 
Low to Inhibit Mode 




2.9 




ns 


Propagation Delay from Inhibit 
Mode to Logic High 




2.9 




ns 


Propagation Delay from Inhibit 
Mode to Logic Low 




2.9 




ns 


c 7 


Output capacitance in Inhibit Mode 






3 




PF 
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Block Diagram 



RC7315 




Feedback 
Circuit 



Offset Control 
and 
Switching 



Slew Rate 
Control 



Temperature 
Sensing 



INH-I >— p 
I 



Driver 
Inhibit 
Circuit 




I O GND 



<_] +V 8 , 

<Z3 -v w 



' (RC7315) 



I 

4—VW- 



» !RC7315Tj 

! l-° n Jy_J 

L — 



^V 0 term(RC7315T) 



-O V 0 -i 

j — o V cco MRC7315 0nly) 

H — O V EEO J 
4 CZ>TS 



Refs &Temp 
Compensation 



\ — OVoc 



-f— o v EE 
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RC7316 

Three-State ATE Pin Electronics Driver 



Features 

♦ High output slew rate (3.2 V/ns) typical driving coax 

♦ Wide output voltage range (-3.0V to +7V), and up to 
9.5 Vp-p swings 

♦ Three-state/high impedance output 

♦ High repetition rate (550 MHz for ECL swings) 

♦ Low output offset (20 mV typ.) and output offset drift 
(0.1 mV/°Ctyp.). 

♦ Low leakage (1 0 nA typ.) and low output capacitance 
(3.0 pF typ.) in high impedance inhibit mode 

♦ ) 00 mA typ. dynamic current drive capability 

♦ High speed differential inputs with wide common mode 
range for ease of interface to ECL as well as TTL and 
CMOS levels 

♦ Output short circuit protection (Safe Operating Area 
protection with current limiting and thermal shutdown) 

♦ Independently adjustable slew rate control available 
on RC7316QA and RC7316TAEL package versions 

♦ Available in 28-pin PLCC and 16-pin gullwing 
packages 

♦ RC731 6TEL is pin-for-pin compatible with AD1 321 , 
AD1322, and AD1324 



Applications 

♦ ATE pin electronics driver 

♦ Precision waveform generator 

♦ Level translator 

♦ Differential line receiver 

♦ General purpose driver 

♦ Laser driver 

♦ CRT preamplifier 



General Product Description 

The RC7316 Pin Electronics Driver is designed for use in 
ultra high speed ATE systems which require pin drivers 
with three state capability and high slew rates. The 
RC7316 has the ability to drive a 50£2 transmission line of 
up to 2 feet in length with a slew rate of 3.2 V/ns and 
repetition rate of over 550 MHz for ECL output levels. 
These features, combined with a maximum output swing 
of 9.5 Vp-p over the range of -3.0V to +7V, provide this 
circuit with the ability to test TTL, CMOS, ECL and GaAs 
devices. The high and low limits of the output swing are 
set through the program pins V H and V L , respectively. 
The transfer characteristic from the program pins to the 
output pin is unity gain with very low offset drift. The V H 
and V L inputs have been buffered to operate with low bias 
currents (1 jliA typical) allowing direct coupling to the 
output of a DAC. 

When the RC7316 is used on an I/O pin, it may be forced 
into the high impedance state through the INH+ and INH- 
differential inputs. In the high impedance state, excellent 
isolation is provided between the output of the disabled 
driver and the pin by virtue of low driver output 
capacitance (3.0 pF typical) and low output leakage (10 
nA typical). 

The RC7316 is provided with high speed differential ECL 
inputs for ease of interface with the differential ECL 
outputs of a timing generator. The inputs have a voltage 
range of -2V to +6V, so that if required, an input may be 
driven by TTL or CMOS devices provided that the other 
input is tied to the appropriate threshold value. 

The pin driver is available in unterminated RC7316QA, or 
50£2 series terminated RC731 6 (TAEL or TEL) 
configurations. The RC7316TEL is pin-for-pin compatible 
with Analog Devices' AD1321, AD1322 and AD1324 
drivers. 

Independent control of the positive and negative slew 
rates by an external voltage, current or resistors available 
on RC7316QA and RC7316TAEL package versions. The 
RC7316QA is packaged in a thermal enhanced 28 PLCC. 

The RC7316 is implemented using Raytheon's high 
frequency BiCMOS process. 
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Pin Description 
Name Function 



V cc Quiet positive supply. The nominal value is 1 0V 
i3%. For output high voltage levels (Vqh) greater 
than the nominal value of +7V, V cc should be 
raised 3V above the maximum value of Vqh- 
Whenever V EE is lowered to provide margin at the 
output low level, V cc should also be lowered by the 
same amount V cc should be bypassed to ground 
with a 1 0,000 pF chip capacitor placed as close to 
the pins as possible. 

V EE Quiet negative supply. The nominal value is -52V 
±5%. For output low voltage levels (Vql) less than 
the nominal value of -2.5V, V EE should be bwered 
3V below the minimum value of Vql. Whenever 
V cc is raised to provide margin at the output high 
level, V EE should also be raised by the same 
amount V EE should be bypassed to ground with a 
10,000 pF chip capacitor placed as close to the pins 
as possible. 

V cco Positive supply for the RC731 6 output stage. This 
supply is brought out separately to minimize the 
supply noise generated when the output switches. 
Vqqq should be bypassed to the ground plane with 
a 1 0,000 pF chip capacitor placed as close to the pin 
as possible and then immediately connected to 

v C c- 

V EE0 Negative supply for the RC731 6 output stage. This 
supply is brought out separately to minimize the 
supply noise generated when the output switches. 
V EE0 should be bypassed to the ground plane with 
a 1 0,000 pF chip capacitor placed as close to the pin 
as possible and then immediately connected to V EE . 

GND Chip ground. Should be connected to the printed 
circuit board's ground plane at the pin. 

V H Analog program input that sets the output high level 
(Vqh)- The transfer characteristic from V H to Vqh is 
nominally unity gain. 

V L Analog program input that sets the output low level 
(Vql). The transfer characteristic from V L to Vql is 
nominally unity gain. 

CyoL Bypass capacitor for Vqh and Vql respectively. 
C V0H Pins C V0 L and C VO h should be bypassed to the 

ground plane with a 1 ,000 pF chip capacitor placed 

as close to the pin as possible. 



Name Function 

V )N+ Differential digital inputs. The output will toggle 
Vj N . between the two levels dictated by V H and V L as 
the differential signal is switched. Although these 
inputs are normally driven by ECL signals, they 
have a wide enough common mode range that any 
one of the inputs may be driven by a TTL or CMOS 
signal provided that the other input is tied to the 
appropriate threshold voltage. 

V 0 Driver output on RC731 6. The output impedance is 
10Qi2Q The output is usually back terminated in 
the characteristic impedance of the transmission 
line it drives. For a 50Q line, a 40£2±1% resistor 
should be placed externally as close to the output 
pin as possible to minimize reflections and ringing. 
The resistor should also be able to dissipate 0.8ft 
to sustain the short circuit current of the output. 

INH+ Differential digital inputs. When INH is true (i.e. 

INH- IHN+ > INH-), the driver is forced into the high 
impedance state. Although these inputs are 
normally driven by ECL signals, they have a wide 
enough common mode range that any one of the 
inputs may be driven by a TTL or CMOS signal 
provided that the other input is tied to the 
appropriate threshold voltage. 

+SRC Slew rate control for the positive edge. Slew rate of 
the positive edge changes as the control voltage is 
changed from -2.0V to +2.0V. +SRC can also be 
programmed with a current DAC or set to a fixed 
value using a resistor. 

-SRC Stew Rate Control for the negative edge. Slew rate 
of the negative edge changes as the control voltage 
is changed from -2.0V to +2.0V. -SRC can also be 
programmed with a current DAC or set to a fixed 
value using a resistor. 

TS Active tow output notifies thermal shutdown has 
occurred. In the event of a short circuit or other fault 
that causes the die temperature to become 
excessively large, the thermal shutdown will kick in 
at a die temperature between 1 1 5°C and 1 60°C. If 
the fault persists, the device will toggle back and 
forth between shutdown and normal operation at a 
frequency in the tens of Hertz. TS is an open 
collector output capable of driving two standard TTL 
toads. The TS pins of several drivers may be wire- 
ORed together and input to a latch to indicate an 
alarm condition. 



NC No connection. 
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Ordering Information 







Operating 


Part Number 


Package 


Temperature 






Range 


RC7316QA 


QA 


0°Cto+70°C 


RC7316TEL 


EL 


0°Cto+70°C 


RC7316TAEL 


EL 


0°Cto+70°C 



Notes: 

QA » 28-pin PLCC, unterminated 

TEL * 16-pin Gullwing, 50ft termination (AD 1322 pinout) 

TAEL « 16-pin Gullwing, 50Q termination 



Connection Information 



28-pin PLCC 
(Top View) 

4 3 2 1 282726 

, I II ""IQ I I I O. 



5 [ 

6 [ 

7 [ 

8 [ 

9 [ 

10 [ 

11 [ 



i ii ii >i ii ii ii i 1 

12131415161718 



125 
]24 
] 23 
] 22 
]21 
] 20 
]19 



65-5741 



Pin 


Function 


Pin 


Function 


1 


GND 


15 


TS 


2 


v C c 


16 


v H 


3 


-SRC 


17 


C VOL 


4 


v E e 


18 


v E e 


5 


v E e 


19 


v E e 


6 


Vout 


20 


C VOH 


7 


+SRC 


21 


V| N - 


8 


NC 


22 


V| N+ 


9 


V CCO 


23 


INH- 


10 


V E EO 


24 


INH+ 


11 


v E e 


25 


V E E 


12 


v E e 


26 


v E e 


13 


v L 


27 


NC 


14 


NC 


28 


NC 



16-pin Ceramic Leaded Chip Carrier 
with Gullwing Leads 
(Top View) 





1c£h 






=□16 




2l= 






=315 




3r= 






=314 




4r= 






=313 




5c= 






=312 




6c= 






=311 




7c= 






=310 










=19 










65-5313 


RC7315TEL 




RC7315TAEL 


Pin 


Function 


Pin 


Function 


1 


GND 




1 


GND 


2 


NC 




2 


-SRC 


3 


Vqterm 


3 


v OTERM 


4 


NC 




4 


+SRC 


5 


C| + 




5 


DNC* 


6 


C|. 




6 


DNC* 


7 


v L 




7 


v L 


8 


DNC* 


8 


TS 


9 


GND 




9 


GND 


10 


v H 




10 


v H 


11 


V,N- 




11 


V| N - 


12 


V| N+ 




12 


V| N+ 


13 


INH- 




13 


INH- 


14 


INH+ 




14 


INH+ 


15 


v E e 




15 


v E e 


16 


v C c 




16 


v C c 


*DNC 


= Do Not Connect 


NC= No Connection 
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Absolute Maximum Ratings ( 1 ) 



Positive power supply, V cc 13V 

Negative power supply, V EE -8.2V 

Difference between V cc and V EE 16V 

Input voltage at V, N+ , %, INH+ INH- V cc -12V, 

V EE +12V 

Input Voltage at V H> V L V cc -13V, 

V EE +13V 

Differential input voltage, |V IN+ - V| N J, |V JNH+ - V, NH J 6V 

Difference between V H & V L (IV H - V L I) 11V 

Input voltage at +SRC.-SRC -3V/+7V 

Slew rate control current -2.0 mA 

Driver Output Voltage V cc -13V, 

V EE +13V 

Output voltage at TS 5V 

Duration of short-circuit to ground Indefinite 

Operating temperature range 0°Cto +70°C 

Storage temperature range -65°C to +125°C 

Lead temperature range 

(Soldering 10 seconds) 300°C 



Notes: 

1 . "Absolute maximum ratings" are those beyond which the safety of 
the device cannot be guaranteed. They are not meant to imply that 
the device should be operated at these limits. If the device is 
subjected to the limits in the absolute maximum ratings for 
extended periods, its reliability may be impaired. The tables of 
Electrical Characteristics provide conditions for actual device 
operation. 



Recommended Operating Conditions 



Symbol 


Parameters 


Min 


Typ 


Max 


Units 




Case operating temperature 


0 


25 


+70 


°C 


v C c 


Positive supply voltage 


9.7 


10.0 


10.3 


°C 


v E e 


Negative supply voltage 


-5.45 


-5.2 


-4.95 


V 


Vcc-Vee 


Difference between positive and negative supply 




15.2 


15.8 


V 


Voh.Vol 


Range for output high level and output low level 


-3.0 




7.0 


V 


VOH-VOL 


Output amplitude 


0.1 




9.5 


V 


Rt 


Output back-termination resistor (RC7316 only) 




41 




I 
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RC7316 



DC Electrical Characteristics 

V CC = 10V V EE = i5% ' T A = 25 ° c ( st '" air ) ^ ^ e ,oad k a 50 ^ transmission line with 2.0 ns one-way 
delay, unless otherwise specified. The transmission line is back-terminated in 50ft (±5%) using an external resistor 
(RC7316). 



Symbol 


Parameters 


Test Conditions 


Min 




Max 


Units 




Differential Inputs 














V IN+» V IN-> V INH+» V INH- 












V IN+' V IN- 


Absolute Voltage @ Data Inputs 




-2.0 




+6.0 


V 


MlMH-p 


Absolute Voltage @ Inhibit 












Mnh- 


Inputs INH+, INH- 




-2.0 




+5.0 


V 


V| D 


Differential Input Range 


iv^-v^i 


0.4 


ECL 


5.0 


V 


V DINH 


Differential Inhibit Input Range 


l V INH+" V INH-l 


0.4 


ECL 


5.0 


V 


W» 'lN- 


Input Bias Current @ Data Inputs 


-2V*V IN+ ,V IN _<;46V 




-35 


-100 


MA 


'INH+' 'iNH- 


Input Bias Current @ Inhibit Inputs 


-2V^V INH+> V INH ^45V 




-50 


-150 


ma 




Positive Edge Slew Rate Control Input +SRC (Available on RC7316QAand RC7316TAEL only) 


V +SRC 


Compliance Voltage Range 




-2.0V 




+2.0 


V 




Negative Edge Slew Rate Control Input -SRC (Available on RC731 6QA and RC731 6TAEL only) 


V -SRC 


Compliance Voltage Range 




-2.0 




+2.0 


V 




Voltage Program Inputs V Hj V L 


v H 


V H Range 


V CC = 10V;V EE = -52V 


•3.0 




+7.0 


V 






V CC = 12V;V EE = ^32V 


-1.0 




+9.0 


V 






V CC = 8V;V EE = -7.2V 


-5.0 




+5.0 


V 


v L 


V L Range 


v cc =iov;V EE =-5.2V 


-3.0 




+6.0 


V 






V CC = 12V;V EE = -32V 


-1.0 




+8.0 


V 






V CC = 8V;V EE = -72V 


-5.0 




44.0 


V 




Bias Current @V H 


-1V<sV H £+7V;V L =-3.0V 




1.0 


5.0 


MA 


"L 


Bias Current @V L 


-3V£V L £+5V;V H = 6.0V 




-1.0 


-5.0 


HA 


tci h 


Temperature Drift in l H 


V H = 7.0V; 25°C *T C <; 70°C 
output not switching 






0.1 


MA/°C 


TCI L 


Temperature Drift in l L 


V L =-3.0V;25°C£T C ^70°C 
output not switching 






0.1 


HA/°C 


AIBDC 


Variation in l H , l L with power 
supply and DC voltage at V H or V L 


-1V£V H <j+7V 
-2V^V L ^46V 


-1 




1 


HA 


V HL BW 


-3 dB bandwidth from V H 
orV L tothe output 


-1V^V H ^+7V; 

-2V £ V L <; +6V; V H -V L = 2.0V 






50 


kHz 
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DC Electrical Characteristics (cont'd) 



Symbol 


Parameters 


Test Conditions 


Min 


Typ 


Max 


Units 




Sianal Outout V^v. Vatcdu 












v 0 


Output Voltage Range 


V CC = 10V;V EE = -52V 


-3.0 




+7.0 


V 






y nn = 12V: Vcc = -32 V 

Y CG » »£E 


-1.0 




+9.0 


v 






Vrr = 8V; V PP = -72V 


-5.0 




+5.0 


V 


v A 

A 


Amplitude 




0.1 




9.5 


V 


8Vnu 
vv OH 


Offset to Output High Level 


-1V<Vu^+6V:Vi = -2V 
ov 0H l v H V 0H» 




20 


40 


mV 


ovql 


Offept to Oi itni it 1 aw 1 p\/p! 


-2V<:Vi <r +6V- Vi i - +7V 

5Va=l v L-VoLl 




CXI 


40 


mV 


V 1 V-r 


vjuipui vorcage unn 


1 \/ ^ \/_ ^< • 7\/« 

- 1 V s; Vqh £ +' v » 




U.l 




mvru 


S3 


Gain Error 


-2V<Vru <+7V 


-1.0 


±0.5 


+1.0 


%Vocr 
/ov SET 




Linearity Error 


OV < Vm iTDi rr ^ +5V 


-0.5 


±02 


+0.5 


%VoCT 

/ov StT 






- 2V ^ V OUTPUT^+ 7V 


-1.0 


±0.6 


+1.0 


°/oV S ET 




Oi itni it Imrwta npp 




8.0 


10 


12 


I 


|__ 

•ZL 


Oi rtm it 1 P^kflnp P!i iirpnt in 
wuifjui i— ccuvciyc ouiici ii II i 

Inhibit Mode 


-2.0V*V o <;+6.5V 


-10 


±1.0 


+10 


nA 


'DC 


Dn Hi irrpnt Dri\/P 




50 






mA 


'AC 


AC Current Drive 




70 


100 




mA 




Thermal Shutdown Outout fTS 


) (Open Collector Output) 


In 

OL 


DC Current Limit 




70 


110 


130 


mA 


Vol 


Output Low Level 


IOL = 4mA 






0.5 


V 


lb 


Shutdown Die Temperature 




115 


135 


160 


°C 




Other 














Rail to Rail Sunolv Voltane 


Vcc-Vee 






17 


V 


QC 


Positive Supply 




+8.0 


+10.0 


+12.0 


V 


V EE 


Negative Supply 




-72 


-52 


-32 


V 


'cc 


Po<?itK/p Si innlv Pa irrpnt 

• v/oiuvc sjUfj^jiy vfUiidii 




70 


95 


mA 




'EE 


MpnpfK/p Si mnK/ f^i irrpnt 




75 


95 


mA 




PSRVq 


Output Level Power Supply 


v cc; AV cc=^- 5% 


40 






dB 




Rejection Ratio 


V EE ;AV EE =±2.5% 


40 






dB 


PSRV SL 


Output Slew Rate Power Supply 


V H = 5V| 












Rejection Ratio @ V cc 


and |AV CC =±200 mV 






4 


% 




@V EE 


V L = 0V |AV EE =±200mV 






4 


% 




Operating Temperature 


Still Air 


0 


25 


50 


°C 




Range 


Air Flow > 300 1^ 


0 


25 


75 


°C 
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AC Electrical Characteristics 

V cc = 10V ±3%, V EE a -5.2V ±5%, T A = 25°C (still air) and the load is a 50fl transmission line with 2.0 ns one-way 
delay, unless otherwise specified. The transmission line is back-terminated in 50Q(±5%) using both internal and external 
termination resistance. The measurement probe is a high impedance FET probe with capacitance no greater than 3 pF 
and resistance no smaller than 10 kCl 



Symbol 


Parameters 


Test Conditions 


Mln 


Typ 


Max 


Units 


OI D 

oLH 


Slew Rate 


*H " "l = Measured 
between 20% and 80% points. 
With probe only as load 
With probe and transmission 
line 


3.2 

Q A 
O.U 


3.5 

O.C. 




V/ns 

\//ne 

v/ns 


V+SRC 


Positive SLR Control + SRC 
Control Voltage Range 
Slew Rate Change 


RC7316QA & RC7316TAEL 
VHU+5V, VL-0V 


-2.0 
0.5 




+2.0 
+3.5 


V 
V/ns 


V-SRC 


Negative SLR Control -SRC 
uoniroi voiiage nange 

wicw ncut? v/i idi lyo 


RC7316QA & RC7316TAEL 

, C\/ \/l AW 

Vn =s +ov, VL =s UV 


o ft 

n *; 




■ O A 

i *a c 

TO.J 


V 

V/nc 

V/l IO 


to. 

* 


Rise Time, and 
ran lime 


C L = 5.0 pF 

\/ A OX/ /OAO/ *f\ OAO/\ 

V A = 0.8V (20% 10 80%) 
V A = 3V (10% to 90%) 
V A = 5V (10% to 90%) 




A C 

0.5 
0.95 
1.4 


a a 
0.6 

1.1 

1.6 


ns 
ns 
ns 


f 


Toggle Rate 
(Probe only) 


Amplitude - 0.8 Vp-p 
Amplitude = 3.0 Vp-p 


500 
275 

C\J\J 


550 
300 

920 




MHz 
MHz 

MU 7 


tpHL 


High to Low Propagation Delay 


f = 10MHz;V OH = +0.4V; 
V 0 | - -0.4V 




1.8 


20 


ns 


At- 
P 


r lupciycuiuii L/c lay iviaiuii 


I¥lH " IphU 




70 
/u 


100 


ps 


tpTC 


Propagation Delay Temperature 

Aof f iVmo nt 

VSUtslllVslCl 11 






o 




ps/ w 


tPW min 


Minimum Pulse Width 


V H - V L = 2.0V; pulse Width at 
wiiKsii aiiipiiiuuc urops uy 
50 mV, measured between 
50% points. 
Ci =5.0pF 




1.1 


1.2 


ns 


AtpPW 


Propagation Delay Variation 
with Pulse Width 


2 ns < PW < 98 ns; 

f = 10MHz;V OH = +0.4V; 

Vol - -0.4V 




70 


100 


ps 


*PS 


Preshoot 


0.5V < V A < 5.0V 






15mV + 
3%ofV A 






Overshoot 


0.5V < V A < 5.0V 






50mV + 
4% of V A 




ts 


Output Settling Time 


V A = 5V; 

To within 3% of V A 
To within 1% of V A 




5.0 
10.0 


7.0 
12.0 


ns 
ns 
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RC7316 



AC Electrical Characteristics (continued) 

V cc - 10V V EE m -52V ±5%, T A ■ 25°C (still air) and the load is a 50Q transmission line with 2.0 ns one-way 
delay, unless otherwise specified. The transmission line is back-terminated in 50ft (±5%) using both internal and external 
termination resistance. The measurement probe is a high impedance FET probe with capacitance no greater than 3 pF 
and resistance no smaller than 10 kft 



Symbol 


Parameters 


Test Conditions 


Min 


Typ 


Max 


Units 


IpHZ 


Propagation Delay from Logic 
High to Inhibit Mode 


VOH = 1V;VOL*-1V 
Load = 100Q 




1.5 


2.0 


ns 


IPLZ 


Propagation Delay from Logic 
Low to Inhibit Mode 


to 2.5V; Propagation 
delay is measured 




2.0 


2.5 


ns 


tpZH 


Propagation Delay from Inhibit 
Mode from Logic High 


to the point at which 
voltage has changed by 




2.0 


2.5 


ns 


*PZL 


Propagation Delay from Inhibit 
Mode to Logic Low 


200 mV. 




2.0 


2.5 


ns 


c z 


Output capacitance in Inhibit Mode 






2.5 


3.0 


PF 



Block Diagram 



- < | +VSRC I RC7316QA & 
<Z3-V SRC JRC7316TAEL 
^— ■ Only 




[RC7316TEL& 
[RC7316TAEL 
Only 



RC7316QA 
Only 
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RC7331/32 
Active Load 

General Product Description 

The RC7331/32 Active Load IC's are designed for use in 
high speed ATE systems. Both are fully monolithic 
devices capable of loading the device under test with in- 
dependently programmable sink and source currents. 
Independent sink (Isink) and source Usource) currents 
are set by the voltage applied to control inputs VI S | NK 
and VIsourcb respectively. The control voltage inputs 
( V, SINK and v, SOURCe) to 0Ut P ut curren t conversion is 
1 0 mA per volt with R S r and R§k equal to 1 kQ 

This voltage to current conversion is performed within the 
RC7331/32 Active Loads and the low bias current re- 
quired (5.0 pA typ.) allows for the setting of output current 
levels using a standard voltage output D/A Converter. 

The RC7331 and RC7332 Active Loads feature typical 
linearity error of ±0.1% linearity errors. The transition be- 
tween the output sink (Isink) and source Osource) 
current is controlled by a wide input range commutation 
voltage (VCOM) (-3.0V to +7.0V). Switching occurs when 
the device under test output V DUT slews above or below 
the programmed V CO m- 

When the RC7331/32 are used on an ATE pin, they may 
be forced into a high impedance state through the high 
speed differential INH+ and INH- inputs. In the high im- 
pedance state, excellent isolation is provided between 
the output of the disabled driver and the pin of the DUT, 
by virtue of the low output capacitance (2 pF typ.) and 
low output leakage current (1 00 nA typ.). 

The INH+ and INH- differential inputs are normally driven 
by ECL signals. However they have a wide common 
mode voltage range of -2V to +6V, so that if required, an 
input may be driven by TTL or CMOS input levels provid- 
ed that the other input is tied to the appropriate threshold 
value. The switching speed between l 0H , 'ol anc * the 
inhibit mode is 1 .5 ns typ. enabling the RC7331/32 to be 
compatible with Raytheon's 250 MHz RC731 1 and 
RC7315Pin Drivers. 



The RC7331 EL is pin-for-pin compatible with the Analog 
Devices' AD1 31 5 Active Load. The RC7331QA comes 
in a thermally enhanced 28 PLCC package. 

The RC7332 Active Load is a lower cost version and 
provides the capability to set maximum Isink and 
'SOURCE current with two external resistors, RSR and 
RSK. 

Features 

♦ ±50 mA voltage programmable current (RC7331) 

♦ Independent programmable control of sink and 
source current values 

♦ ±0.1 % Output current resolution, ±1 .5% typical gain 
error, and ±0.1% typical linearity error 

♦ 2 pF typical output capacitance 

♦ Low current leakage in inhibit mode (1 00 nA) 

♦ Low output current temperature drift 2.0 \xN°C 

♦ Wide commutation voltage range (-3.0V to +7V) 

♦ Fully monolithic device (including Schottky diodes) 

♦ 1 .5 ns typical propagation delay 

♦ Operates on -5.2V and +10V supplies 

♦ Inhibit control digital inputs have wide voltage range 
for ECL, TTL or CMOS compatibility 

♦ RC7331 is available in 16-pin Gullwing, pin-for-pin 
compatible with Analog Devices' AD1315 

♦ RC7332 is available in 28-pin PLCC thermal 
enhanced package 

♦ Fast settling time of 12 ns typical at ±50 mA. 



Applications 

♦ ATE pin measurement electronics 

♦ Instrumentation 



For More Information, call 1-800-722-7074. 
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Pin Definitions 



Name Function 



Name Function 



*EE 



GND 



VI, 



'SINK 



Quiet positive supply. The nominal value is 10V 
±5%. V + should be bypassed to ground with a 
1 0,000 pF chip capacitor placed as close to the 
pins as possible. 

Quiet negative supply. The nominal value is - 
5.2V i5%. V. should be bypassed to ground with 
a 1 0,000 pF chip capacitor placed as close to the 
pins as possible. 

Device ground. This pin should be connected to 
the printed circuit board's ground plane at the 
pins. 

Analog DC voltage input which sets the sink 
current value. VI S | NK control voltage to output 

current conversion is ~- AN ( e.g. f VI S |nk = 



5V, lour = -50 mA, RSK = 1kfl). 

v, source Analog DC voltage input which sets the source 
current limit VI30URCE oor * 0 ' V0 NJ e to output 
current conversion is AN ( e.g., 
VISOURCE R SK 

= 5V, Iout= 50 mA, RSR = 1kfi). 

Vqqm Commutation analog DC voltage input which sets 
the transition point voltage where switching 
between forced sink or source current occurs. 

INH+ Differential digital inputs. When INH+ is true (i.e. 

INH- INH+ > INH-), VDUT input is forced into a high 
impedance state. Although these inputs are 
normally driven by ECL signals, they have a wide 
enough common mode range that any one of the 
inputs may be driven by a TTL or CMOS signal 
provided that the other input is tied to the 
appropriate threshold voltage. 

'SOURCE ,n ^ e ,nh,bit moc,e programmed source 
current is steered to this pin. IsojRCE m Y 
connected to any potential voltage between -3V 
and +7V. It is typically connected to the Vqqm 
programming voltage point. A connection to GND 
is possible although not recommended in order to 
keep ground transient currents to a minimum. 



felNK 



'out 

R SR 



R SK- 
R SK+ 



NC 



In the inhibit mode programmed sink current is 
steered to this pin. I S | NK may be connected to 
any potential voltage between -<3V and +7V. It is 
typically connected to the Vqq M programming 
voltage point A connection to GND is possible 
although not recommended in order to keep 
ground transient currents to a minimum. 

This pin is connected to the DUT. 

This pin is used to connect an external resistor 
which establishes the IsouRCE m^mum 
current range. It is recommended to use 0.1% or 
better maximum tolerance resistors to achieve 
d2.5% or better accuracy. The other end of this 
resistor is tied to ground. 

This pin is used to connect an external resistor 
which establishes the I31MK nraximum current 
range. It is recommended to use 0.1% or better 
maximum tolerance resistors to achieve i2.5% 
or better accuracy. 

No connect 
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Ordering Information 







Operating 


Part Number 


Package 


Temperature 






Range 


RC7332QA 


QA 


0°Cto70°C 


RC7331EL 


EL 


0°Cto70°C 



Notes: 

QA « 28-pin PLCC 
EL - 16-pin Gullwing 



Connection Information 



28-pin PLCC 
(Top View) 



16-pin Ceramic Leaded Chip Carrier 
with Gullwing Leads 
(Top View) 




12131415161718 




65-5313 



RC7332QA 1 



nFunctlon 


Pin 


Function 


1 


GND 


15 


TS 


2 


v C c 


16 


v H 


3 


-SRC 


17 


C VOL 


4 


v E e 


18 


v E e 


5 


v E e 


19 


v E e 


6 


Vout 


20 


C VOH 


7 


+SRC 


21 


V| N - 


8 


NC 


22 


V| N+ 


9 


v cco 


23 


INH- 


10 


V E EO 


24 


INH+ 


11 


v E e 


25 


v E e 


12 


Vee 


26 


v E e 


13 


v L 


27 


NC 


14 


NC 


28 


NC 



RC7331EL 

Pin Function 

1 'source 

2 V C0M 

3 'out 



"EE 



4 

5 'sink 

6 vi SOURCE 

7 GND 2 

8 GND 

9 VI S|NK 

10 NC 

11 NC 

12 NC 

13 VCC 

14 INH+ 

15 INH- 

16 NC 

Notes: 

1 . On RC7332QA package, VI S | NK input is tied to the other end of the limiting resistor tied to RSKy M |j pin. 

2. Internally connected to package LID and GND. 



For More Information, call 1-800-722-7074. 
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Absolute Maximum Ratings o> 



Positive power supply, V cc 1 3V 

Negative power supply, V EE -11V 

Difference between Vq C and V EE 18V 

VI S ink control voltage 6V 

VIsource control voltage 6V 

Input voltage at INH+ , INH- -3V to +7V 

Differential input voltage, |INH+, INH- 0.4 to +5.5V 

Input voltage at V C0M "3- 5V to +7 5V 



Notes: 

1 . "Absolute maximum ratings" are those beyond which the safety 
of the device cannot be guaranteed. They are not meant to 
imply that the device should be operated at these limits. If the 
device is subjected to the limits in the absolute maximum ratings 
for extended periods, its reliability may be impaired. The tables 
of Electrical Characteristics provide conditions for actual device 
operation. 



Recommended Operating Conditions 



Symbol 


Parameters 


Min 




Max 


Units 




Case operating temperature 


0 




70 


°C 


v C c 


Positive supply voltage 


9.5 


10.0 


10.5 


V 


Vee 


Negative supply voltage 


-5.45 


-5.2 


-4.95 


V 


V COM 


Commutation input voltage 


-3.0 


+7.0 


V 




VINH+VINH. 


Absolute input voltage 


-2.0 


+6.0 


V 




feoURCE^SINK 


Sink/ source maximum current (RC7331) 






±50 


mA 


'source/'sink 


Sink/ source maximum current (RC7332) 






±40 


mA 


Rout 


Load output resistance (VCOM to l 0UT ) 






7.0 


Q 
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RC7331/32 

DC Electrical Characteristics 



V cc = 1 0V ±5%, V EE = -5.2V ±5%, T A = 25°C, unless otherwise specified. 



Symbol 


Parameters 


Test Conditions 


Min 


Typ 


Max 


Units 




Vcimk/Vooi irtf Program Inputs 












V SOURCE / 
V SINK 


Control Voltage Range 




0 




+5.0 


V 


's 


VSINK^SOURCE ^ ^ Current 






5.0 


10.0 


MA 


V ITC 


Max Temp. Drift in Vc. NK /Vqr)i JRr c Bias Current 


(25°C<TA<70°C) 






0.1 


HA/°C 




Commutation Voltage Input 












V(X)M 


Control Voltage Range 




-3.0 




+7.0 


V 




Differential Inputs INH+, INH- 












V|NH+ ^INH- 


Absolute Input Voltage 




-2.0 




+6.0 


V 


Vin 


Differential Input Range 


IVIN+-VIN- | 


0.4 




5.0 


V 


'lNH+ 'iNH- 


Bias Current 


(-2.0V<lVIN±£+6V) 


-100 


±35 


+100 


ma 




Load Output CurrentAfoltage/Resistance 












! SINK 


Load Output Sink Current 


V SINK = 5V. R SK= 1ka 


-50 




0 


mA 


'source 


Load Output Source Current 


Vsource^RSR- 11 ^ 


0 




+50 


mA 


V OUT 


Load Output Voltage Range 




-3.0 




+7.0 


V 


Rout 


Load Output Resistance 


(VcOMto'oUT) 




7.0 




I 




Forcing Current Parameters 












vItf 


Transfer Function (10 mA output per Volt) 


R=1.0K 




10 




mA/V 


*l 


Linearity Error 






10.1 


10.12 


% 




Gain Error 


(V DUT = -3VtO+7V) 




±1.5 


±2.0 


% 


bs 


Offset Error 




-0.5 


±02 


+0.5 


mA 


rrc 


Output Current Drift 






2.0 


5.0 


MA/°C 




Inhibit Mode 


(V DUT =-3VtO+7V) 










Cz 


Output Capacitance in inhibit mode 






2.0 


3.0 


PF 




Leakage Current 




-200 


±100 


+200 


nA 




Other (P D = 1.53W max) 












be 


Positive Supply Current 


'OUT = 50 mA 




+75 


+85 


mA 


'EE 


Negative Supply Current 


'OUT = - 50 mA 




-75 


-130 


mA 


PSSR 


Power Supply Rejection Ratio 




70 


80 




dB 




knunrp Settling "Time 

(Settled to ±1.0%) 


l S l NK = + 50mA 
Vcom = +2.0V 
Load = 10QtoGND 




12 




ns 




'sink Settling Tme 

(Settled to ±1.0%) 


'SOURCE = " 50 mA 
V(X)M = -2.0V 
Load = 10QtoGND 




12 




ns 
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AC Electrical Characteristics 

V cc = 10V ±5%, V EE = -5.2V ±5%, T A = 25°C. 



Symbol 


Parameters 


Test Conditions 


Min 


Typ 


Max 


Units 




Propagation Delay 












tpD1 


±I MAX to INHIBIT 


From ECL crossing to IMAX ±10% 




1.5 


2.5 


ns 


*PD2 


INHIBIT to ±I MAX 


From ECL crossing to IMAX ±10% 




1.5 


2.5 


ns 






V DUT = -2Vto7V 














C DU t = 1 0P f 














R DUT = 10Q 











Block Diagram 



RsR 




Rsk- Rsk. Vcc V EE GND ^ 

Notes: 

1 . RSR and RSK are required only for the RC7332. 

2. The RSR, RSK-, and RSK+ pins are not provided on the RC7331. RSR and RSK 
are 1 K and provided internally. 
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RC7341/42 



RC7341/RC7342 

High Speed Dual Comparator 

2.0 ns Propagation Delay 



Description 

The RC7341/42 is a very high speed dual comparator with 
latched input option and ECL compatible outputs capable of 
driving 50ft terminated lines. The RC7341 is configured as a 
windows comparator whereas the RC7342 is configured as 
two independent comparators and is pin for p'n compatible 
with the industry standard 9687 comparators. The RC7341/ 
42s low propagation delay (2.0 ns maximum), wide input 
common range (-4V to +8V) and low bias current (±1 0 pA 
maximum) makes it ideal to for monitoring outputs from TTL, 
CMOS, ECL and even GaAs devices in ATE applications. 

The propagation delay dispersion is only ±100 ps (typical). 
The RC7341/42 features a high impedance input mode (l D ) 
that reduces the bias current to ±50 pA (typical), effectively 
removing the DC electrical toad of the comparator inputs. 
The RC7341/42 also has a latch function to sample the input 
waveforms. Latches A and B are controlled by differential 
latch enable (LEA and LEB) ECL signals. 

The RC7341/42 is fabricated using Raytheon's high 
performance complementary bipolar process. 



Features 

♦ 12 V max differential input voltage 

♦ Low propagation delays: 2.0 ns maximum 

♦ Low delay dispersion (±1 00 ps typical) and drift(4ps/°C 
typical) 

♦ ±5 mV maximum input offset and 1 0 nV/°C max. drift 

♦ i2pA typical bias current i50pAtyp. in disable mode 

♦ Common mode rejections 60 dB 

♦ Input disable mode (transparent to user) 

♦ 2 pF maximum input capacitance (RC7341) 

♦ Latch function 

♦ Available with common threshold input V !A ^ window 
comparator (RC7341) or two independent comparators 
(RC7342) 

♦ RC7342 is pn for pn compatible with 9687 comparators 

♦ Available in 1 6-pin SOIC, 20-pin PLCC or 1 6-pin P-DIP 

Applications 

♦ ATE Pin Electronics 

♦ Threshold/Peak Voltage Detector 

♦ Level Line Receiver 

♦ Limiting Amplifier 



For More Information, call 1-800-722-7074. 
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Ordering Information 







Operating 


Dot*! Kli imKAi 1 
rail IMUmD6r 


racKaye 


lemperaiure 






Range 


RC7341PN 


PN 


0°Cto+70°C 


RC7341QC 


QC 


0°Cto+70°C 


RC7341QCA 


QCA 


0°Cto+70°C 


RC7341KM 


KM 


0°Cto+70°C 


RC7342PN 


PN 


0°Cto+70°C 


RC7342QC 


QC 


0°Cto+70°C 


RC7342KM 


KM 


0°Cto+70°C 



Notes: 

/883B suffix denotes MIL-STD-883, Level B processing 
PN - 16-lead SOIC 
QC * 20-lead PLCC 
QCA = 28-lead PLCC 
KM = 16-lead PDIP 



Connection Information for DIP and SO 



oa|"7 
oaQ 
gndQ 
leaQ 
leaQ 
VeeQ 
v, A .Q 
ViabQ 



RC7341 



]e] 0B 

U]LEB 
]3 V IDTH 

ID Vcc 
]o]V IB+ 

JlD 



oaQ 
oaQ 

GND p 5 

leaQ 
leaQ 
VeeQ 

v,a-Q 

Via,Q 



RC7342 



li]OB 
^OB 
"14] GND 

leb 

J2] LEB 

Tj] Vcc 

J0]V IB- 
IJViB, 



Notes: 

1. Input disable mode not available on RC7342 SOIC 
and P-DIP package. 

2. RC7341QCA is pin-for-pin compatible with BT681 
except for * pins. 



Connection Information for PLCC 



GND [ 
LEA £ 5 
NC[6 
LEA [ 7 
Vee[8 



k\ rft iffi Jfi 

3 2 1 20 19^ 



RC7341 



LJ U 



10 11 12 13 



19 
18 


]gnd 


17 


]leb 


16 


]VlDTH 


15 


]leb" 


14 

13 


] Vcc 



2 * 



GND [ 4 
LEA [5 
NC[6 
tEA"[7 
V K [8 



1 20 W 



RC7342 



19 
18 


]gnd 


17 


] LEB 


16 


]V»th 


15 


]nr 


14 
13 


] Vcc 



uuuuu 



, nnnnnnn, 

Kt^A 4 3 2 1 28 2726L 
NC[5 o 25] NC 

GND[6 24] GND 

*NC[7 23] NC 

LEA[8 RC7341QCA 22] LEB 

HA[9 21]lEB 

NCClO 20] NC 

M=E[11 1 S ]V CC 



< 2 < 2 2 < 
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Absolute Maximum Ratings* 1 ) 



Positive power supply, V cc +12V 

Negative power supply, V EE -7V 

Difference between V cc and V EE 19V 

Input voltage at Vj A+ , V !B+ V cc +0.7V 

Input voltage at V| A _, V, B . Vg E -0.7V 

Differential input voltage|VIA+ - VIA-|, |VIB+ - VIB-|, 16V 

Input voltage at LEA, LEB V cc 

Input voltage at LEA, LEB V EE 

Input voltage at l^, Irj. VC^VEE 

Differential input voltage |LEA - LEA|, 7V 

|LEB-LEB|,7V 

|ID-V |DTH |,7V 

Operating temperature range -40°C to +85°C 

Storage temperature range -65°C to +125°C 

Lead temperature range (solder 10 sec.) 260°C 



Notes: 

1 . "Absolute maximum ratings" are those beyond which the safety 
of the device cannot be guaranteed. They are not meant to 
imply that the device should be operated at these limits. If the 
device is subjected to the limits in the absolute maximum ratings 
for extended periods, its reliability may be impaired. The tables 
of Electrical Characteristics provide conditions for actual device 
operation. 



Pin Definitions 



Pin No. 

V C C 

Vee 

GND 

v lA+» v ib+ 
RC7342 0NLY 

V|A-.V |B . 
RC7342 0NLY 

V,A + .V |B - 
RC7341 ONLY 

V,AB 

RC7341 ONLY 

LEA. LEB 
LEA, LEB 



b V lDTH 



OA, OA 
OB, OB 



Function 

Quiet positive supply. The nominal voltage is 10V ±3%. Vqq should be bypassed to ground with a 
0.01 jxF chip ceramic capacitor placed as close to the pins as possible. 

Quiet negative supply. The nominal voltage is -5.2 ±5%. Vcc should be bypassed to ground with a 
0.01 chip capacitor placed as close to the pins as possiDle 

Chip ground. This pin should be connected to the printed circuit board's ground plane at the pin. 
Differential non-inverting inputs for RC7342 comparators. 

Differential inverting inputs for RC7342 comparators. 

Single ended inputs for RC7341 window comparator. 

RC7341 window comparator threshold input. 

Differential digital enable inputs for latches A and B. Although these inputs will be normally driven 
by ECL signals, they will have a wide enough common mode range that they may be driven by a TTL 
or CMOS signal provided the other input is tied to the appropriate threshold. If LEA or LEB inputs are 
tied to a logic high, then latches A and B are transparent and output A or B, will track changes to 
comparator A or B respectively. A logic low on LEA or LEB will disable the latch, and the outputs will 
reflect the input state just prior to the latch disable command. 

I D is the differential non-inverting input and V. DTH is the inverting input for enabling/disabling the 
comparator. Although the inputs will normally be driven by ECL signals, they have a wide enough 
common mode range that they may be driven by a TTL or CMOS signal provided the other input is tied 
to the appropriate threshold. When l D and V|q TH pins are left open they remain internally biased a 
+2.5 volt and -1 .3 volts respectively and the circuit defaults to a comparator input enable state. A 
differential voltage of 400 mV must be exceeded to disable the comparator input. The disabled inputs 
will have a typical bias current of i50 pA. 

Differential outputs for comparator A. 

Differential outputs for comparator B. Each comparator can drive 50^2 terminated lines to V-rj. 



For More Information, call 1-800-722-7074. 
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Recommended Operating Conditions 



Symbol 


Parameters 


Mln 


Typ 


M3X 


Units 




Case operating temperature 


0 




70 


°C 


v C c 


Positive supply voltage 


9.7 


10.0 


10.3 


V 


V E E 


Negative supply voltage 


-5.45 


-5.2 


-4.95 


V 


Vcc-Vee 


Difference between positive and negative supply 




15.2 


15.8 


V 


Rt 


Output termination load resistance 


45 


50 


100 


a 


v-tt 


Load termination supply voltage 


-3.0 


-2.0 


-2.0 


V 


v H 


Latch input threshold voltage 


-1.25 


-1.3 


-1.35 


V 



DC Electrical Characteristics 

V cc = 10V ±3%, V EE = -5.2V ±5%, T A = 25°C. 



Symbol 


Parameters 


Test Conditions 


Min 


Typ 


Max 


Units 




Differential Analog Inputs 
v iA+i V IA ., V, B+ , V,R. 












V|A.m Via 


Absolute Input Voltage 




-4.0 




+8.0 


V 


V. Rj . f V, R 

ID+' ID- 

ViAnt Vion 


(Input Common Mode Range) 
Differential Input Range 


' IA+ IA" 1 






12 


V 


V Q 


Input Voltage Offset 






±2 


±5 


mV 


TCV Q 


Input Voltage Offset Drift 








10 


uV/°C 


IIX+, IIX. 


Input Bias Current 1 (per input) 


Enabled Mode, 0 ^ V| ^ +5V 




±2 


±10 


uA 


'dib 


Input Bias Current 


Enabled Mode, -2V * V, ^ +8V 
Disabled Mode 




±2 
±50 


±10 


uA 
pA 


'boffset 


Input Bias Current Offset 


Enabled Mode 




1 




"A 


v IA+ ,v IA . 

V|B + .V,b- 


Analog Input Capacitance 






1 


1.25 


PF 


V IA/B 


Analog Input Capacitance 






1.5 


2 


PF 


z« 


Input Impedance 






10 




MQ 


CMRR 


Common Mode Rejection Ratio 


-2Vto +2V 


70 


80 




dB 




Digital Inputs 
(Latch & Disable) 












V|A + .V, A . 


Absolute Input Voltage 




-2.0 




+5.0 


V 


V|D 


Differential Range 


|V ID+ -V,d-I 


0.4 


ECL 


+5.0 


V 


>D 


Digital Input Current 








20 


uA 




Digital Outputs 












V 0 H 


Output Voltage High 




-1.0 






V 


Vol 


Output Voltage Low 








-1.6 


V 




Power Supply 












•cc 


Positive Supply Current 






25 




mA 


'EE 


Negative Supply Current 






45 




mA 


PSRR 


Power Supply Rejection Ratio 


V cc ±2.5%, V EE ±2.5% 


60 


70 




dB 



Note 1 Tested at extremes: V, N = -2V, -2V to +3V, 5 Vp-p and V, N = +7V, +2V to +7V, 5 Vp-p 
RC7341 window comparator V^b input bias current will be 2 times the per input value. 
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AC Electrical Characteristics 

V cc = 1 0V ±3%, V EE = -5.2V i5%, T A = 25°C. 



Symbol 


Parameters 


Test Conditions 


Mln 


Typ 


Max 


Units 


*PD 


Propagation Delay 






1.8 


2.0 


ns 




HtoLandLtoH 












ts 


Delay Slew Between 






100 


200 


ps 




A and B Sides 














Delay Dispersion 


(0.2 V/ns£ Input slew rate£ 2.0 V/ns) 














ECL: V TH = -1 V, +0.2V overdrive; 




±100 




ps 






V T l * -1 -6V, -0.2V underdrive 














rising and falling edges 














TTL: V TH - 4.5V, +0.5V overdrive; 




±100 




ps 






VTL > 0.5V; -0.5V underdrive 














rising and falling edges 










At PDTC 


Prop. Delay Temp. Drift. 






4 




ps/°C 


At PDTC 


Delta Prop. Delay with 


0.01% and 99.99% duty cycle 




50 




ps 




Duty Cycle 


50 kHz, V, p .p = 5V, V TH = 2.5V 














(10 ns between measurements) 










tPW MIN 


Minimum pulse Width 


0 £ V s <> 3V; V THA = 2.8V, V THB - 0.2V; 






1.0 


ns 






t, s = 2.5 V/ns, |V OH - V OL | Z 600 mV p . p 










4 

»S 


uaia to laicn enaoie 












set up time 




1.0 






ns 


«H 


Latch enable to data in 














hold time 




TBD 






ns 


l IPD 


Latch enable to output 






1.5 


2.0 


ns 




high or low 












t|D 


Active to Inhibit 






5.0 




ns 


tie 


Inhibit to Active 






10.0 




ns 



Block Diagram 

RC7341 



V,a-o- 



Via/bO- 

l 0 O 
V,dth<>- 



V|B+ O- 



LEA LEA 
Q Q 




Utch 
A 



Latch 
B 



-O OA 
-O OA 



V cc GND V EE LEB LEB 



■O OB 
■O OB 



V| A+ 0- 



V.A-0- 

V|DTH O- 

v IB+ o- 



RC7342 



LEA LEA 
Q Q 




Latch 
A 




Latch 
B 



-O OA 
-O OA 



-O OB 
-O OB 



Vcc GND V EE LEB LEB 



For More Information, call 1-800-722-7074. 



Raytheon Semiconductor 



2-291 



RC7341/42 



2-292 Raytheon Semiconductor For More Information, call 1-800-722-7074. 



RC7351 

Parametric Measurement Unit 



General Product Description 

The RC7351 "Per-Pin" Parametric Measurement Unit 
(PMU) provides both Forcing Voltage/Measure Current 
and Forcing Current/Measure Voltage functions. The 
functions can be selected by applying a TTL input voltage 
on the Sl/V pin. The RC7351 forces voltages between - 
5V and +15V or currents up to ±40 mA, and measures 
resulting current or voltage, respectively. The RC7351 
circuitry supports four current ranges. Each range is 
selected by applying TTL input voltage to the RS 1 and 
RS 2 range select pins. In the Force Voltage/Measure 
Current mode the force voltage presented to the DUT at 
I/VFqut is set by the voltage applied to the l/VF| N pin. 
The resulting DUT current (l DUT ) is converted into a 
voltage V R via an external resistor: V R = R x l DUT , where 
R is the external resistor (typically ±0.05% maximum 
tolerance) corresponding to current range A, B, C or D. 
Resistor tolerance directly affects gain error that usually 
can be calibrated out. The resulting voltage V R is sensed 
by the difference amplifier, multiplied by 4 to increase 
resolution and then compared against the set upper and 
lower current limits (l/V H , l/V L ) of the on-chip window 
comparator. I/V H and l/V L current limits are set by 
applying a voltage equal to 4 x I x R where R is the 
external resistor of the selected current range (A, B, C or 
D) and I is the current limit high (l H ) or current limit low 
(l L ). The outputs of current high and current low 
comparators, V HS and V LS , respectively, are open 
collector outputs and can drive TTL or CMOS inputs 
depending on the pull up resistor and voltage. The 
difference amplifier output voltage equal to 4 V R ( 4 x R x 
l D Uj) «s also provided at the (IA/) M pin for reading the 
exact current value via an AID conversion or for a high/ 
low status using an external window comparator. The full 
scale measured current for each range is set by 
corresponding external resistors (R A , R B , Rq, R d ) and 
the ±BV maximum (IA/) M output range: 

(l/V) M = 4V R = 4 x I x R = ±BV, i.e., I = = ± 

In the Force Current/Measure Voltage mode the force 
current (IF) present at I/VFqut " s set by applying 4 x R x 
IF at the l/VF| N input, where R is the external resistor of 
the selected current range (A, B, C, or D). The values of 



Features 

♦ Force voltage/measure current and force current/ 
measure voltage functions 

♦ Forced voltage range (-5V to +15V) 

♦ Four programmable measured current ranges: 
Range A = i20 |aA max 

Range B = ±200 jxA max 
Range C= ±1 .0 mA max 
Range D= ±40 mA max 

♦ High resolution current force/measure ±0.05% 

♦ Internal control circuitry for selecting ranges. 

♦ High accuracy: 12 bit linearity and 0.5% gain error 

♦ High current range D current limit protection set 
externally by the value of resistor R D j L 

♦ Measurement output voltage can be disabled 

♦ Forced current ranges: 
Range A « i20 \iA max 
Range B = ±200 pA max 
Range C = ±1 .0 mA max 
Range D = ±40 mA max 

♦ Measured voltage range: -5Vto+15V 

♦ High resolution voltage measurement (±0.05%) and 
accuracy: (±10 mV max. offset) and 0.5% gain error. 

♦ Internal current limit for ranges (A, B,& C) 

♦ Available in 28 pin PLCC and 24 pin side brazed 
ceramic packages. 

Applications 

♦ ATE pin electronics measurement 

♦ Instrumentation 



For More Information, call 1-800-722-7074. 
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internal full scale voltage which is nominally 2V and the 
output full scale voltage ±BV are related to selected 1/ 
VF| N range and power supply values. 

The measured voltage is compared against the upper 
and lower voltage limits (l/V H ,l/V L ) of the on-chip window 
comparator. The outputs of voltage high and voltage low 
comparator, V HS and V L 5, respectively, are open 
collector outputs and can drive either TTL or CMOS 
depending on the pull up resistor and voltage. The 
resulting DUT voltage when IF is forced is also provided 
at the (l/V) M pin for reading the exact value via an A/D 
converter or for a high/low status using an external 
window comparator. All three voltage outputs ((l/V) M , 
V|_is, and V L s) can be disabled by applying a TTL 
voltage on the V D | S pin to allow for a common bus 
connection between multiple PMUs. V HS and V L s can be 
wire-ORed. When wire-ORing more than two outputs an 
external resistor tied to Vqq must be added at the input 
of the circuit driven by the multiple PMUs. 

The Force Voltage/Measure Current and Force Current/ 
Measure Voltage modes are selected by applying a TTL 
input voltage at the Sl/V input. All input control pins Sl/V, 
RS 1f RS 2 , V D |5 can interface with TTL logic levels. The 
threshold of the control inputs is set at level (VITH = 
1.4V) 

The RC7351 PMU is fabricated using Raytheon's 
precision, high voltage process. 



Pin Definitions 
Pin Definition 

+Vg Quiet positive supply. The nominal value is 20V 
i3%. V+ should be bypassed to ground with a 
10.0 pF tantalum capacitor placed as close to 
the pin as possible. 

-V s Quiet negative supply. The nominal value is - 
10V ±5%. V- should be bypassed to ground 
with a 1 0.0 jjF tantalum capacitor placed as 
close to the pins as possible. 

V EE Quiet negative supply for Range D. This pin 
should be bypassed to ground with a 0.1 |iF 
ceramic capacitor and tied directly to -V s . 

GND Chip ground. This pin should be connected to 
the printed circuit board's ground plane at the 
pin. 

I/VF| N l/VFj N input voltage sets the DUT force voltage 
at I/VFqut in the Force Voltage/Measure 
Current mode or sets the DUT Force current 

at l/VF 0UT (l F = ^ IN ) in the Force Current/ 

Measure Voltage Mode. 

I/VFqut The out P ut voltage/current applied to the Device 
Under Test (DUT). Forces voltage set on l/VF| N 
in the Force Voltage/Measure Current mode. 
Forces a current, l F , 

proportional to l/VF, N at the DUT (lp= ) 

in the Force Current/Measure Voltage Mode. 

Sl/V A TTL/CMOS signal applied to this pin selects 
either Force Voltage/Measure Current or Force 
Current/Measure Voltage mode. A TTL/CMOS 
low level will select Force Voltage/Measure 
Current function. A TTL/CMOS high level 
selects Force Current/Measure Voltage mode. 



R A Resistor R A should be placed between pin A 
and I/VFqut to set current range A (l A ). R A 
tolerance should be better than ±0.05% to 
improve gain error. Maximum current for a 

given R A is l A = The ±2 volts represents 
R A 

the maximum voltage V A across R A since full 
scale (l/V) M = 4 x V A = ±8V. For Range A, l A 
should not exceed ±20 jxA f i.e., R A should be 
higher than or equal to 100 kQ with dbO.1% 
tolerance. A metal film resistor should be used 
to reduce inherent resistor noise (schott and 
popcorn noise) and improve resolution. For 
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Pin Definitions (continued) 

Pin Definition 

maximum stability, a 300 pF capacitor should be 
connected across R A . 

Rg Same as A but for current range B (l B ). For 

Range B, l B should not exceed dt200 jjA, i.e., R B 
should be higher than or equal to 10 kQwith 
±0.05% tolerance. For maximum stability, a 1,000 
pF capacitor should be connected across R B . 

Rq Same as A but for current range C (y. For Range 
C, l c should not exceed ±1 mA, i.e., Rg should be 
higher than or equal to 2 kQ with ±0.05% 
tolerance. 

R D Same as A but for current range D (l D ). For 

Range D, l D should not exceed ±40 mA, i.e., Rq 
should be higher than or equal to 50^2 with 
±0.05% tolerance 

D 1 High current range D output. Two diodes must be 
connected between D 1 and D 2 as shown in the 
block diagram. 

C+/C- A 30 pF capacitor should be placed between C+ 
and C- to improve stability. 

Rqil Range D output for current limiting. An external 

resistor is connected between this output pin and 

D 2 to limit current to a value 

, JLSV 
kjM- Rl 

RS 1 A TTL /CMOS signal applied to these pins 
RS 2 selects which current range is activated. 
RS 1 RS 2 Range Selected 

L L A 

L H B 

H H C 

H L D 

l/V H Analog voltage input which sets the upper current/ 
voltage limit measurement threshold. To set 
desired current limit for current measurement, a 
voltage equal to 4 x l H x R must be applied on this 
pin. R is the external resistor of the selected 
range (A, B, C, or D). For voltage measurement, 
the voltage applied to this pin is the limit high 
voltage. 

I/V L Analog DC voltage input which sets the lower 
current/voltage limit measurement threshold. To 
set desired current limit for current measurement, 
a voltage equalling (4 x l L x R) must be applied 
on this pin. R is the external resistor of the 



Pin Definition 

selected range (A, B, C, or D). For voltage 
measurement, the voltage applied to this pin is 
the limit low voltage. 

V HS Output for upper current limit status. If measured 
current/voltage is less than set upper limit, V HS 
will be at a logic high state. The V HS output is 
TTL and CMOS compatible. For wire-ORing 
multiple PMU's V HS is an open collector output 
and the multiple PMU wired-ORed line must be 
pulled up by an external resistor tied to V cc at 
the input of the driven circuit. The output can be 
disabled by applying a TTL voltage on the V D | S 
pin. When disabled the output transistor is turned 
off and the output voltage is set high by an 
external resistor tied to V cc . Connect a 3,000 pF 
capacitor to GND to minimize oscillation at the 
cross-over point 

V LS Output for upper current limit status. If measured 
current/voltage is greater than set lower limit, 
V LS will be at a logic high state. The V LS output 
is TTL and CMOS compatible. For wire-ORing 
multiple PMU's V LS is an °P en collector output 
and the multiple PMU wired-ORed line must be 
pulled up by an external resistor tied to V cc at 
the input of the driven circuit. The output can be 
disabled by applying a TTL voltage on the V D | S 
pin. When disabled the output transistor is turned 
off and the output voltage is set high by an 
external resistor tied to Vqq. Connect a 3,000 pF 
capacitor to GND to minimize oscillation at the 
cross-over point. 

V DIS V HS» VLS « and ( ,/v )m outputs are disabled when 
a high level TTL signal is applied to this pin. 
When in disabled state, V HS , V LS and (l/V) M 
pins remain in a high impedance state. When 
Vqjs is tied to ground, VHS V L s t and (l/V) M are 
enabled. 

(I/V) M In the Force Voltage/Measure Current mode this 
output voltage is equal to four times the voltage 
across external resistor R of selected range A, B, 
C or D through which the measured current is 
flowing ((I/V)m = 4.0 x l M x R). In the Force 
Current/Measure Voltage mode this output is 
equal to the voltage measured. This output can 
be disabled by applying a TTL voltage on the 

V D isP» n - 

V D DUT buffered output voltage, l/V F out . 
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Ordering Information 







Operating 


Part Number 


Package 


Temperature 






Range 


RC7351QA 


QA 


0°Cto+70°C 


RC7351S 


S 


0°Cto+70°C 



Notes: 

QA- 28-pin PLCC 

S * 24-pin Side Brazed Ceramic DIP 



Connection Information 



24-pin Side-Brazed Ceramic DIP 




28-pin PLCC 




E 


(Top View) 


3 




(Top View) 












4 3 2 


1 28 


27 26 


] 


E 








5 




25 


H 






| 




6 




24 


] 


E 






0 




7 




23 


] 


E 






1 




8 




22 


] 


E 






3 




9 




21 


] 


E 






3 




10 




20 


] 


E 






3 




11 




19 


] 


E 
E 






3 
3 




12 13 14 


15 16 


17 18 








' L-1L-J U 


rzrczn 






E 






3 








65-5594A 


E 






3 












Pin Function 


Pin 


Function 


Pin 


Function 


Pin 


Function 


1 (W) M 


13 


D 2 


1 


D 2 


15 


(V/i) M 




2 -V 8 


14 


R DIL 


2 


R DIL 


16 


-Vs 




3 I 




15 


v EE 


3 


V E E 


17 


NC 




4 V D 


16 


v/i h 


4 


V/I H 


18 


NC 




5 V DIS 


17 


VH S 


5 


v H s 


19 


R B 
v D 




6 R c 


18 


C- 


6 


c- 


20 




7 l/VF |N 


19 


«/VF OUT 


7 


I/VFout 


21 


v D is 
Rc 

«/V F iN 
Di 

c+ 




8 I 


=>1 


20 


GND 


8 


GND 


22 




9 C+ 


21 


Ra 


9 


Ra 


23 




10 V/I L 


22 


RS 1 


10 


NC 


24 




11 v LS 


23 


Sl/ V 


11 


NC 


25 




12 +V S 


24 


RS 2 


12 


RS t 


26 


V/I L 












13 


Sl/V 


27 


v L s 












14 


RS 2 


28 
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Absolute Maximum Ratings C) 

Positive power supply, +V S 21V 

Negative power supply, -V s -11V 

Absolute Difference, |+Vs -(-l/s)| 32V 

Digital Control Inputs SIV, RS1, RS2, VDIS -2V/+6V 

Comparator Inputs, l/V H ,l/VL -VS * IVH, IVL < +VS 

l/VF, N , -V S £lVF IN s + V s 



RC7351 



Notes: 

1 . "Absolute maximum ratings" are those beyond which the safety 
of the device cannot be guaranteed. They are not meant to 
imply that the device should be operated at these limits. If the 
device is subjected to the limits in the absolute maximum ratings 
for extended periods, its reliability may be impaired. The tables 
of Electrical Characteristics provide conditions for actual device 
operation. 



Recommended Operating Conditions 



Symbol 


Parameters 


Min 


iyp 


Max 


Units 


T C 


Case operating temperature 


0 




70 


°C 


V+ 


Positive supply voltage 


10.4 


20.0 


20.6 


V 


V- 


Negative supply voltage 


-9.5 


-10.0 


-10.5 


V 


v cco 


Positive supply voltage 




5.0 


5.5 


V 


Ra 


Resistor for l A current range 


100 




100 


kft 


Rb 


Resistor for l B current range 


10 




100 


ka 


Rc 


Resistor for Iq current range 


2 




100 




R D 


Resistor for l D current range 


50 




100 


KG 
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DC Electrical Characteristics 

+V S = 20V ±3%, -V s = -1 0V ±5%, T A = 25°C, and external ±0.05% tolerance resistors R A = 1 00 kU RB = 1 0 kfl , RC 
= 2 kU and R D = 50ft unless otherwise specified. 



Symbol 


Parameters 


Test Conditions 


Min 


Typ 


Max 


1 InttM 

units 




Forced Current/Measure Voltage 












l/VFw 


Input Voltage Range For Setting Forced 
Current (ip) 


l AtC A \* 1 w D 

uVh|jyj= 4 X Ip X K 


-8 




+8 


V 




Measured Voltage Output 


All ranges, full scale current 


-5 




+15 


V 




(I/V)m Output Sink/Source Current 


(l/V) M = -5V, +15V 


-200 




+200 


\iA 


V M R 


Voltage Measurement Resolution 
Voltage Measurement Accuracy 




-0.05 


±0.025 


+0.05 


%FSR 


v OS 


Voltage Measurement Offset 


l/VF JN = 0V, IA/F 0 ut= OV 


-6.0 


±2 


+6.0 


mV 


Vge 


Voltage Gain Error 




-1.0 


±0.5 


+1.0 


% 


CMRR 


CMRR 1 


-5V^IA^F 0 ur^+15V 




60 




dB 




Forced Voftage/Measure Current 












l/VF IN 


Force Input Voltage Range 


All ranges, full scale current 


-6 




+15 


V 


l/VF V0S 


Forced voltage Onset 


iA/rj^j= ov, measure i/VrQyj 
andV D 


O A 

-o.O 


_i_o 
±2 


+0.0 


mv 




Forced Voltage Linearity Error 






±0.025 


±0.05 


% 


CMRR 


CMRR^ 


■6V £ I/VFquj ^ +1 5V 




60 




dB 


WFqut 


Forced Output Voltage Range 


All ranges, full scale current 


-5 




+15 


V 




Voltage Output Equivalent to Measured 


All ranges, full scale voltage 












Current: (IA/)m = 4xI f xR 




-8 




+8 


V 


m M 


(I/V)m Output Sink/Source Current 


(l/V) M =-8.0V,+8.0V 


-200 




+200 


MA 




Force Or Measure Current Ranges 














Range A 












'a 


Maximum Full Scale Current 


R A =100kQ 






±20 


ma 


'amr 

'ma 


Current Measurement Resolution 




-0.05 


±0.025 


+0.05 


% 


Current Measurement Accuracy 








% 




•lin 


Linearity* 3 




-0.05 


±0.025 


+0.05 




"ge 


Current Gain Error 4 




-10 


±0.5 


+1 .0 


% 


'fios 


Force Current Offset 5 


|/VFj N =0V 


-25 


±10 


+25 


nA 


'mios 


Measure Current Offset 6 


l/VF, N =0V 


-25 


±10 


+25 


nA 




Ranae B 












«B 


Maximum Full Scale Current 


R B = 10 kn 






±200 


MA 


! BMR 


Current Measurement Resolution 




-0.05 


±0.025 


+0.05 


% 


! BMA 


Current Measurement Accuracy 












! LIN 


Linearity 3 




-0.05 


±0.025 


+0.05 




'GE 


Current Gain Error 4 




-1.0 


±0.5 


+1.0 


% 


•fios 


Force Current Offset 5 




-250 


±100 


+250 


nA 


•mios 


Measure Current Offset 6 




-250 


±100 


+250 


nA 
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DC Electrical Characteristics (continued) 

+V S = 20V 13%, -V s = -10V ±5%, T A = 25°C, and external ±4.05% tolerance resistors R A = 100 kft RB = 10 kft 
RC = 2 kft and R D = 50ft unless otherwise specified. 



Symbol 


Parameters 


Test Conditions 


Min 


Typ 


Max 


Units 




Range C 


R c =2kQ 










ic 


Maximum Full Scale Current 








±1 


mA 


! CMR 


Current Measurement Resolution 




-0.05 


±0.025 


+0.05 


% 


! CMA 


Current Measurement Accuracy 












'lin 


Linearity 3 




-0.05 


±0.025 


+0.05 


% 


GE 


Current Gain Error 4 




-1.0 


±0.5 


+1.0 


% 


! FDS 


Force Current Offset 5 




-15 


±0.5 


+1.5 


MA 


'mios 


Measure Current Offset 6 




-15 


±0.5 


+1.5 


ma 




Range D 


R B = 50G 












Maximum Full Scale Current 








±40 


mA 


! DMR 


Current Measurement Resolution 




-0.05 


±0.025 


+0.05 


% 


j DMA 


Current Measurement Accuracy 












'lin 


Linearity 3 




-0.05 


±0.025 


+0.05 


% 




Current Gain Error 4 




-1.0 


ifl.5 


+1.0 


% 


•rOS 


Force Current Offset 5 




-50 


±20 


+50 


MA 


! MIOS 


Measure Current Offset 6 




■50 


±20 


+50 


ma 




Digital Control Inputs (Sl/V, RS 1 , RS^ ) 












V| H 


Internal Threshold Voltage 




0.8 


1.4 


2.0 


V 


Ah 


Logic High Bias Current 


VH = 2.0V 




200 




nA 


III 


Logic Low Bias Current 


VL=0.8V 




2.0 




nA 




Digital Control Input V DiS 














Internal Threshold Voltage 




0.8 


1.4 


2.0 


V 


'lh 


Logic High Bias Current 


VH = 2.0V 




1.0 




MA 


'll 


Logic Low Bias Current 


VL = 0.8V 




2.0 




nA 




Comparator Inputs; l/V H ,l/V L 












W H ,L 


Input Voltage Range 




-8.0 




+15 


V 




Input Bias Current (Logic High) 


VH = +15V 




0.4 




MA 


t 


Input Bias Current (Logic Low) 


VL«-6.0V 




0.4 




ma 




Comparator Status Outputs ;VHS, VLS 












V 0 H 


Output Voltage (Logic High ) 


R PULLUP = 10ka 


3.5 






V 


Vol 


Output Voltage (Logic Low) 


R PULLDOWN = 10kQ 






0.8 


V 


bH 


Output Current High 


V OUT = 5.0V 




0.1 




ma 


»OL 


Output Current Low 








1.0 


mA 




Output Leakage Current Disabled State 


VquT^SOV 




0.1 




MA 




Other 












l+ 


Positive Supply Current 


no bad 




4.0 




mA 


I- 


Negative Supply Current 


no bad 




4.0 




mA 
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AC Electrical Characteristics 

+V S = 20V i3%, -V s = -1 0V ±5% , T A = 25°C, and external ±0.05% tolerance resistors R A = 1 00 kfl, RB =1 0 kQ, RC 
= 2 and R D = 50Q, unless otherwise specified. 



Symbol 


Parameters 


Test Conditions 


Mln 


Typ 


Max 


Units 




Comparator 












l HL 


ncbpurioc i II lie niyii 10 low 


"LOAD ■** o in v \jverurivG 




i . i 




US 


«LH 


Response Time Low to High 


R LO ad *= 1 0 kn, 5 mV Overdrive 




450 




ns 




Differential Amplifier 












*MZF 


Response Time (settling time) 7 


Range A 




2.4 




ms 




Force Current/Measure Voltage 


Range B 




2.3 










Range C 




2.6 










Range D 




2.6 










MM = -5.0V to 15V 














l F = Max 










X MZF 


Response Time (settling time) 


Ranges A 




2.4 




ms 




Force Voltage/Measure Current 


Ranges B 




2.5 










Ranges C 




2.6 










Ranges D 




2.7 










Vc = 5 OVto +15V 














l M = Max 










*MZF 


Response Time (Settling time) 


Ranges A, B, C, & D 




0.8 


1.0 


ms 






V F = -2.0Vto+6.0V 














C + & C = 30 pF 














No Load 












Output Disable to Enable Time 






20 




US 



Linearity is measured against two point straight line calibration 
with five measurement points. 

Current Gain Error is measured with RIL2 * +2V, RIL1 - 2V, 
VM 2 - VM(IL2), VM1 - (ILj), and Current Gain Error - 
VM 2 -VM 1 R(IL 2 -IL 1 ) 

Forced current offset is measured with l/VF !N * 0V. It is 
measured at I/VF 0 ut to ground. 
Measured current offset is measured with IA/F (N » 0V, 
IV/p 0U j ■ open. Offset - l/VM where R is R A , R B , Rq or R D . 
Response Time (settling time) for Force Current/Measure 
Voltage mode is measured with C+ and C. « 30 pF, and IV/F JN 
Voltage Swings from -8.0V to +8.0V, and RL value for Range 
placed between l/VF OUT and 5V. 500 ft A 

50 SI B 
10 k£2 C 
250 a D 
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Notes: 

1 . CMRR is measured with V^ = +1 5V, V L1 = -5, l F2 = IF (V^) 
l F1 -l F (V L1 ), and CMRR -20 log- 12 U 



R('F2-«F1 



l/VF w (l/V)„ 



2. CMRR is measured with V| 2 « +15V, V M - -5V, VM2 - VM(VI 2 ), 

(V, 2 -V, 1 )x4 

VM 1 « VMfVlj), and CMRR - 20 log - * 11 



J*1 



1 



v M2 -v M , 
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RC73687 

High Speed Dual Comparator 

2.2 ns Propagation Delay 



Product Description 

The RC73687 is a very high speed dual comparator with 
latched input option and ECL compatible outputs capable of 
driving 50Q terminated lines. The RC73687 is configured as 
two independent comparators and is pin for pin compatible 
with the industry standard 9687 comparators. The RC73687 
low propagation delay (2.2 ns maximum), wide input 
common range (-4V to +8V) and low bias current (±5 joA 
maximum) makes it ideal to for monitoring outputs from TTL, 
CMOS, ECL and even GaAs devices in ATE applications. 
The propagation delay dispersion is only ±S0 ps (typical). 

The RC73687 features a high impedance input mode (l D ) 
that reduces the bias current to ±50 pA (typical), effectively 
removing the DC electrical load of the comparator inputs. 
The RC73687 also has a latch function to sample the input 
waveforms. Latches A and B are controlled by differential 
latch enable (LEA and LEB) ECL signals. 

The RC73687 is designed to operate with VCC supply 
voltages of +5.0V to +10V. 

Operation at +1 0V will provide a wider input common mode 
voltage range, (-4V to +8V) versus (4V to 43V). It also 
provides a lower input capacitance (1 .0 pF) versus (1 .5 pF) 

The RC73687 is fabricated using Raytheon's high 
performance complementary bipolar process. 



Features 

♦ 12 V max differential input voltage 
(for V cc = +10V,Vf E =- 5.2V) 

♦ Low propagation delays:- 1.8 ns typical 

♦ Low delay dispersion (i£5ps typical) and drift (4 ps/°C 
typical) 

♦ i5mV maximum input offset and 10nV/°C max. drift 

♦ ±3 |iA typical bias current; 50 pA typ. in disable mode 

♦ Common mode rejections 70 dB 

♦ Input disable mode (transparent to user) 

♦ Latch function 

♦ RC73687 is pin for pin compatible with 9687 
comparators 

♦ Available in 1 6-pin SOIC, 20-pin PLCC or 1 6-pin P-DIP 

Applications 

♦ ATE Pin Electronics 

♦ Threshold/Peak Voltage Detector 

♦ Level Line Receiver 

♦ Limiting Amplifier 
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Absolute Maximum Ratings* 1 ) 



Positive power supply, V cc +12V 

Negative power supply, V EE ..-7V 

Difference between V cc and V EE 19V 

Input voltage at V| A+ , V jB+ V cc +0.7V 

Input voltage at V, A ., V jB . V EE -0.7V 

Differential input voltage|Vj A+ - V JA _j, IV^ - Vj B .|, 16V 

Input voltage at LEA, LEB Vqq 

Input voltage at LEA, LEB V EE 

Input voltage at l^, l D _ Vqc. V ee 

Differential input voltage |LEA - LEA|, 7V 

|LEB-L£B|,7V 

Md-VjdthI.tv 

Operating temperature range -40°C to +85°C 

Storage temperature range -65°C to +125°C 

Lead temperature range (solder 10 sec.) 260°C 



Notes: 

1 . "Absolute maximum ratings" are those beyond which the safety 
of the device cannot be guaranteed. They are not meant to 
imply that the device should be operated at these limits. If the 
device is subjected to the limits in the absolute maximum ratings 
for extended periods, its reliability may be impaired. The tables 
of Electrical Characteristics provide conditions for actual device 
operation. 



Ordering Information 







Operating 


Part Number 


Package 


Temperature 






Range 


RC73687PN 


PN 


0°C to +70°C 


RC73687QC 


QC 


0°Cto+70°C 


RC73687KM 


KM 


0°Cto+70°C 



Notes: 

PN-16-leadSOIC 
QC20-leadPLCC 
KM-16-leadPDIP 



Connection Information 



PLCC 



GND £ 


3 
4 


2 i 20 


1$ 

18 


] GND 


LEA £ 


5 




17 


] LEB 


NC [ 


6 


RC73687 


16 


] VlDTH 


lea£ 






15 


] LEB" 


Vee[ 


8 

9 


10 11 12 


14 
13 


] Vcc 




LJ 

> 


UUU 

> > 


LJ 

S 
> 





SOandP-DIP 
(300 mil wide) 



oaQ 




1b]ob 


oaQ 




]i]OB 


GND Q 




TjjGND 


leaQ 


RC73687 


jUleb 


LEA Q 




75] LEB 


VeeQ 




3D vcc 


v w .Q 




]o|V|B- 






3vi B+ 



Note: Input disable mode not available on RC73687 
SOIC package. 
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Pin Definitions 

Pin No. Function 

V cc Quiet positive supply. The nominal voltage is 1 0V ±3%. V cc should be bypassed to ground with a 0.01 pF 

chip ceramic capacitor placed as close to the pins as possible. 

V EE Quiet negative supply. The nominal voltage is -5.2 i5%. V EE should be bypassed to ground with a 0.01 [iF 

chip capacitor placed as close to the pins as possible 

GND Chip ground. This pin should be connected to the printed circuit board's ground plane at the pin. 

V| A+f Vj^ Differential non-inverting inputs 

v IA-» V IB- Differential inverting inputs 

LEA , LEB Differential digital enable inputs for latches A and B. Although these inputs will be normally driven 
LEA, LEB by ECL signals, they have a wide enough common and that they may be driven by a TTL or CMOS signal 
provided the other input is tied to the appropriate threshold. If LEA or LEB inputs are tied to a logic high, 
then latches A and B are transparent and output A or B, will track changes to comparator A or B 
respectively. A logic low on LEA or LEB will disable the latch, and the outputs will reflect the input state just 
prior to the latch disable command. 

to» V IDTH to is ^ e differential non-inverting input and V| DTH is the inverting input for enabling/disabling the 

comparator. Although the inputs will normally be driven by ECL signals, they have a wide enough common 
mode range that they may be driven by a TTL or CMOS signal provided the other input is tied to the 
appropriate threshold. When l D and Vjqjh pins are left open they remain internally biased a +2.5 volt and - 
1 .3 volts respectively and the circuit defaults to a comparator input enable state. A differential voltage of 
400 mV must be exceeded to disable the comparator input. The disabled inputs will have a typical bias 
current of i50pA. 

OA, OA Differential outputs for comparator A. 

OB, OB Differential outputs for comparator B. Each comparator can drive 50Q terminated lines to 2 Vjy. 
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Recommended Operating Conditions 



Symbol 


Parameters 


Min 


Typ 


Max 


Units 


T c 


Case operating temperature 


0 




70 


°C 


Vcc 


Positive supply voltage 


4.75 


5.0 


5.25 


V 


Vee 


Negative supply voltage 


-5.45 


-5.2 


-4.95 


V 


Vcc-Vee 


Difference between positive and negative supply 




15.2 


15.8 


V 


Rt 


Output termination load resistance 


45 


50 


100 


a 


v-rr 


Load termination supply voltage 


-3.0 


-2.0 


-2.0 


V 


v H 


Latch input threshold voltage 


-1.25 


-1.3 


-1.35 


V 



DC Electrical Characteristics (Normal Operating Conditions) 

Vcc = i3% ' V EE = " 52V ^ T A = 2SOC - 



Symbol 


Parameters 


Test Conditions 


Min 


Typ 


Max 


Units 




Differential Analog Inputs 
V|A*.V IA ..V, Bt ,V IB . 












V|A + .V|A- 
V| B+ .V|B- 


Absolute Input Voltage 
(Input Common Mode Range) 




-4.0 




+3.0 


V 


V IAD- V IBD 


Differential Input Range 


|V| X+ -V,x-l 






±7.0 


V 


v 0 


Input Voltage Offset 






±2 


±5 


mV 


TCV 0 


Input Voltage Offset Drift 








10 


uV/°C 


IIX+, IIX. 
HA 


Input Bias Current 


Enabled Mode 




±5.0 


±10 


HA 


'dib 


Input Bias Current 


Disabled Mode 




±50 




PA 


•boffset 


Input Bias Current Offset 


Enabled Mode 




1.0 




HA 


VlA + .V|A- 
V| B+ .V,B- 


Analog Input Capacitance 






1.0 


2.0 


PF 


Z| 


Input Impedance 






500 




KQ 


CMRR 


Common Mode Rejection Ratio 


-2VtO+2V 


70 


80 




dB 




Digital Inputs 
(Latch & Disable) 












V| A+ .Via- 


Absolute Input Voltage 




-2.0 




+5.0 


V 




Differential Range 


|V, D+ -V ID J 


0.4 


ECL 


+5.0 


V 


•d 


Digital Input Current 








20 


HA 




Digital Outputs 












V 0 H 


Output Voltage High 




-1.0 






V 


Vol 


Output Voltage Low 








-1.6 


V 




Power Supply 












'cc 


Positive Supply Current 






24 




mA 


'EE 


Negative Supply Current 






40 




mA 


PSRR 


Power Supply Rejection Ratio 


V cc ±2.5%, V EE ±2.5% 


60 


70 




dB 
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AC Electrical Characteristics 

V cc = +5.0V i3%, V EE = -5.2V ±5%, T A = 25°C. 



Symbol 


Parameters 


Test Conditions 


Min 


Typ 


Max 


Units 


*PD 


Propagation Delay 
HtoLandLtoH 






1.8 


2.2 


ns 


«S 


Delay Slew Between 
A and B Sides 






100 


200 


ps 


«D 


Delay Dispersion 


(0.2 V/ns & Input slew rate £ 2.0 V/ns) 
ECL: V TH = -1 V, +0.2V overdrive; 
V TL = -1.6V, -0.2V underdrive 
rising and falling edges 
TTL: V TH = +2.5V, +0.5V overdrive; 
VTL = 0.5V; -0.5V underdrive 
rising and falling edges 




±150 
±150 




ps 
ps 


At PDTC 


Prop. Delay Temp. Drift. 






4 




ps/°C 


Atp DT c 


Delta Prop. Delay with 
Duty Cycle 


0.01% and 99.99% duty cycle 
50 kHz, V,p. p = 5V, V TH = 2.5V 
(10 ns between measurements) 




50 




ps 


tPW M !N 


Minimum Pulse Width 


0 < V s < 3V; V THA = 2.8V, V THB = 0.2V 
t, s - 2.5 V/ns, |V 0H - V 0 J * 600 mV D . D 






1.0 


ns 


<s 


Data to latch enable 
set up time 




1.0 






ns 




Latch enable to data in 
hold time 




TBD 






ns 


^PD 


Latch enable to output 
high or low 






1.5 


2.0 


ns 


% 


Active to Inhibit 






5.0 




ns 




Inhibit to Active 






10.0 




ns 



For More Information, call 1-800-722-7074. 
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Block Diagram 



RC73687 



V| A+ 0 

V,a- O 
Id O 

V|DTH O 

V (B+ 0 
V, B -0 




J-fJ 



V cc GND V EE LEB LEB 



O OA 
O OA 



O OB 
O OB 
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Addendum 

DC Electrical Characteristics (High Supply Voltage Conditions) 

V cc = +1 OV ±3%, V EE = -5.2V ±5%, T A = 25°C 





rai cuncwi9 


1 C9I VAll IVllllUI 19 


Min 

mill 


Tim 
lyp 


Max 


Units 

\J* 1119 




Ulllcrclillal Ml laiuy inpuis 














VI* i UIA. VID. VIR. 
VIA+, VIM", VID+, VID" 












v IA+» V IA- 


AUoUIULB IMjJUl VUllayc 




-4 n 




TOiW 


v 

V 


Vin Vm 

v IB+» V IB- 


flnnut Common Morip Ranoe^ 












^IAD> ^IBD 


Differential Innut Ranoe 

LSI II Wl Vl IUCM II IwUl 1 IUI IMv 


IViv -Vivl 

l v IX+ V IX-I 






12 


v 


v O 


Inrv it X/oltanp Offopt 






43 0 


J.1 V/ 


mV 

HIV 


TCVo 


Incut Voltaae Offset Drift 

11 IfcSUl I wllMMw Vllwwl LSI III 








10 


nv/°c 


'lX+» *IX- 


Innut Bias Current 


Enabled Mode 




±7.0 


±15 


uA 

fin 




Innut Ria<s Current 

ii ijjui uiao v/uiiwin 


Di^ahled Mode 




±50 




DA 


'BOFFSET 


Inout Bias Current Offset 


Enabled Mode 




1.0 




uA 


Via Via 


Analon Innut Canacitance 






1.0 


2.0 


DF 


V.Pb., V,R 

ID+' Ib- 














Zi 


Innut Imnedance 






500 




K 


CMRR 


Common Mode Rpipotion Ratio 

V/\sl 1 II 1 IUI 1 IVIUwC 1 IwjwvUwl 1 1 IC4LI w 


-2V to +2V 


70 


80 




dB 




nisiltol Inmrtc 

tsigiiai iiipuis 














(Latch & Disable) 












v !A+» V IA- 


AKqoIi ite Inni it Voltanp 








4.5 0 


V 

V 


V ID 


Diffprpntial Rannp 


l v ID+ V ID-I 


04 

v.t 


FCL 


4-5 0 


v 

V 


In 
'D 


Diaital Inout Current 








20 


uA 




Digital Outputs 












V 0 H 


Output Voltage High 




-1.0 






V 


V 0L 


Output Voltage Low 








1.6 


V 




Power Supply 












■cc 


Positive Supply Current 






24 




mA 


'EE 


Negative Supply Current 






40 




mA 


PSRR 


Power Supply Rejection Ratio 


V cc ±2.5%, V EE ±2.5% 


60 


70 




dB 



For More Information, call 1-800-722-7074. 
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Instrumentation Products 



Section 2 — Application Specific Standard Products 




Amplifier 



A/D Converter 



Comparator 



1 T 

Signal Processing 



D/A Converter 




Amplifier 

65-6231 



Driver 



Modern instrumentation calls for a wide variety of high- 
performance signal conditioning, acquisition, processing, 
and synthesis components. Raytheon offers a wide 
variety of standard products in all of these categories. 
Moreover, the ASIC RPA160 tile arrays and RSC4000 
Standard Cells enable you to tailor ICs to your system 
specific requirements. Here are a few highlights from our 
broad line of products. 

In signal conditioning our amplifiers and amplifier cells 
cover the spectrum up to 800 MHz, with very low noise 
options as well. For acquisition, we have both high- 
speed A/D converters and blazing fast comparators. If 
low-power or battery operation is important, look at the 
TMC1 173 3V 10 Msps A/D converter. It's perfect for 



handheld applications such as digital scopes. Our 
Parametric Measurement Unit makes it easy to 
assemble a low-cost DC measure. 

Once the signal is acquired, we have the DSP functions 
to analyze it, from Fast Fourier Transforms (FFTs) to 
complex digital filters and mixers. If your instrument 
needs to generate signals, either for output or for 
demodulation of acquired signals, the TMC2340 is a 
great digital quadrature oscillator. For analog signal 
generation, use our Signal Synthesis DACs, followed 
again by high-performance amplifiers. For digital signal 
generation, use our high-speed, high current Pin Drivers 
to drive ECL, Positive shifted ECL, TTL or CMOS levels. 



For Applications Information, call (619) 457-1000. 
For Technical Literature, call 1-800-722-7074. 
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Instrumentation Products 



Resolution 


Conv 
Rate^ 


RMS/RMS 
SNR1 








Product 


Bits 


(Msps) 


(dB) 


Package 


Graded 


Notes 


TDC1035 


8 


_ 




B7.R3 


C,V 


Peak digitizer. Digitizes peak value of pulses as 
narrow as 12 ns. 


TDC1038 


8 


20 


45 


B6, N6, R3, 
C3, E1 


c,v 


Low power version of TDC1 048. 


TDC1048 


8 


20 


45 


B6, N6.C3, E1 


C, V, SMD 


Industry standard video A/D. 


TDC1058 


8 


20 


45 


B6, N6, R3, 
E1 


C 


New industry standard video A/D. Single +5V 
power supply. TDC1048 performance equivalent 


TMC1 173-10 


8 


10 


45 


N2, M7, R3 


C 


Low power CMOS video A/D with integral Track/ 


-05 


8 


5 


45 


M7, N2,R3 


C 


Hold. +2.7V to +3.3V power supply. 


TMC1 175-20 


8 


20 


45 


B2, N2, C3, 
M7 f R3 


c,v 


Low power CMOS video A/D with integral Track/ 
Hold. Includes D/A 


-30 


8 


30 


45 


M7, N2, R3 


c.v 




-40 


8 


40 


45 


M7, N2.R3, E1 


c,v 




TDC1049 


9 


30 


48 


JO, J3.C1.L1, 
G8, E1 


C.V.SMD 


ECL interface 


TDC1020 


10 


20 


55 


J1,G0, E1 


c,v 


Monolithic video A/D, TTL interface. i2V input range. 



Notes: 

1 . Guaranteed. See product specifications for test conditions. 

2. A = High reliability, T c = -55<C to i25°C. C = Commercial, T A = 0°C to 70°C. V = MIL-STD-883 Compliant, Tc - -55<C to 125<C. 



SMD = Available per Standardized Military Drawing, Tc = -S5°C to 125*0. 
3. A = High reliability, Tc = -20°C to 95<C. 





Clock 
Ratel 


Frequency 
Resolution 


SFDR 








Product 


(MHz) 


(Hz) 


(dB) Output 


Package Grade 


Notes 




Digital Frequency Synthesizers 
TMC2340-1 25 


0.006 


106 Dual 16 Bit 


G1.H5.L5 C,V 


AM, FM, PM inputs. 






20 


0.006 


106 Dual 16 Bit 


G1.H5.L5 C,V 


Quadrature outputs. 






Pin Drivers 


Slew Rate 


Voltage Range 


Output Swing 
(P-P) 


Output 
Three State 


Package 


RC7310 


1.2V/ns 




-3.0 to +8V 


10Vp-p 


No 


28 PLCC 


RC7311 


2V/ns 




-3.0to+8.0V 


10V 


No 


28 PLCC, 16 LDCC 


RC7315 


1.8V/ns 




-2.5 to 7.5V 


9.5V 


Yes 


28 EPLCC 


RC7316 


3.2V/ns 




-3.0 to 7.0V 


9.5V 


Yes 


28 EPLCC, 16 LDCC 



Comparators Propagation Delay Voltage Range Input Bias Current Input Capacitance Package 

RC7341 (Window) 2.0 ns -4Vto+8V 10uA(over-4to+8V) 2pF All are 

RC7342(Dual) 2.0 ns -4Vto+8V 10 uA (over -4 to +8 V) 1.25 pF available in 

RC73687(Dual) 2.2 ns -4Vto+8V 5uA 2pF 



Precision 
Measurement Unit 



Force Voltage 
Range 



Force Current 
Ranges 



Force Current 
Resolution 



Accuracy 



Package 



RC7351 



-5Vto+15V 



(4 Ranges) 
±500 nAto±20pA 
±2nAtoi200pA 
±10uAto±1 mA 
±500 pA to ±40 mA 



±0.05% 



12 bits, 0.5% 
gain error 



28 PLCC 



Notes: 

1 . Both the RC7342 and the RC73687 are pin-for-pin compatible with 9687 standard comparators. 



3-312 



Raytheon Semiconductor 



For Applications Information, call (619) 457-1000. 
For Technical Literature, call 1-800-722-7074. 



Section 2 — Application Specific Standard Products 



Signal Synthesis 



/ 



DDS 





^ 





d/a y ~-*> i (\j 
d/a y ~^Q v 



65-6223 



Direct Digital Frequency Synthesis (DDFS) offers signal 
flexibility and stability that is unattainable with analog 
techniques. DDFS is the process whereby the digital 
samples representing a desired analog signal are 
computed. These samples are then fed to a D/A 
converter for the construction of the analog signal. The 
TMC2340 produces data representing baseband signals 
up to 12.5 MHz (higher with aliasing or multiplexing 
techniques) with a 0.006 Hz frequency resolution and 
can change frequencies cleanly in 25 ns. It produces a 
pair of 16-bit quadrature outputs. 



The synthesizer can produce frequency modulation (FM) 
or phase modulation (PM) simultaneously with amplitude 
modulation (AM). It is carefully designed to drive the 
TDC1012 signal synthesis D/A converter, creating the 
lowest-distortion digital synthesizer subsystem available 
today. 

Raytheon's new TMC22X9X Digital Video Encoders are 
complete programmable video waveform synthesizers. 
Incorporating DDFS to digitally generate a subcarrier, with 
fully programmable horizontal timing, and three high- 
precision output D/A converters on board, these encoders 
are outstanding integrated test signal generators. Built-in 
colorbars and a modulated ramp are also included. 



For Applications information, call (619) 457-1000. Raytheon Semiconductor 

For Technical Literature, call 1 -800-722-7074. ' 
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Signal Synthesis Products 



Clock Frequency 

Rate 1 Resolution SFDR 

Product (MHz) (Hz) (dB) Output Package Grade Notes 

Digital Frequency Synthesizers 

TMC2340-1 25 0.006 106 Dual 16 Bit G1.H5.L5 C,V AM, FM, PM inputs. 

- 20 0.006 106 Dual 16 Bit G1.H5.L5 C,V Quadrature outputs. 





Resolution 


Diff. Lin 
Errori 


Conv. 
Ratei 


Rise 
Tlmei 








Product 


(bits) 




(Msps) 


(ns) 


Package 


Grade (2) 


Notes 


Associated D/A Converters 














TDC1041-1 


10 


0.048 


20 




R3 


C 


Low cost 10-bit video D/A TTL interface. 




10 


0.096 


20 




R3 


C 




TDC3310 


10 


0..096 


40 


10 


N6.R6 


C 


Single +5V power supply. 


TDC1 141-1 


10 


0.048 


50 




R3 


C 


Low cost 10-bit video D/A 




10 


0.096 


50 




R3 


C 


ECL interface. 


TDC1012-3 


12 


0.012 


20 




J7, N7, R3 


C 


Signal synthesis D/A. 


-2 


12 


0.024 


20 




J7, N7.R3 


C.V.SMD 


70 dBc SFDR. Very low glitch. 


-1 


12 


0.048 


20 




J7, N7.R3 


C.V.SMD 


Drives 25QdirecrJy. 




12 


0.048 


20 




J7, N7.R3 


c,v 


TTL interface. 


TDC1 112-3 


12 


0.012 


50 




N7.R3 


C 


Signal synthesis D/A.. 70 dBc SFDR. Very 
low glitch. 


-2 


12 


0.024 


50 




J7, N7, R3 


C.V.SMD 


Drives 25^2 directly. ECL interface. 


-1 


12 


0.048 


50 




J7.N7.R3 


C.V.SMD 






12 


0.048 


50 




J7, N7, R3 


c,v 






Powerl 



Product Description Size (MHz) (Watts) Package Grade* Notes 

Digital Video Generators 

TMC22X9X Digital video Encoder 10 bit 30 1.1 R0 C AH-Dighal Encoder, RGBA'CrCr/CoIot Index Input. 
NTSC/PAL Composite and S-Video Output. 



Notes: 

1 . Guaranteed. See product specifications for test conditions. 

2. C « Commercial, T A -0°Cto 70°C. V « MIL-STD-883 compliant, T c - -55°C to 125°C. 
SMD « Available per Standardized Military Drawing, Tq « -55°C to 125°C 



. • > . For Applications information, call (619) 457-1000. 
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TMC2340 
Digital Synthesizer 

Dual 16-Bit, 25 MOPS 



Description 

The TMC2340 performs waveform synthesis, modulation, 
and demodulation. When presented with a TTL clock 
signal and user-selected 15-bit amplitude and 32-bit 
phase increment values, the TMC2340 automatically 
generates quadrature-matched pairs of 16-bit sine and 
cosine waves in DAC-compatible 1 6-bit offset binary 
format. If desired, these waveforms are easily phase or 
frequency-modulated on-chip, and the amplitude input 
facilitates gain adjustment or amplitude modulation. 
Digital output frequencies are restricted only by the 
Nyquist limit of clock rate/2, with frequency resolution of 
0.006 Hz at the guaranteed maximum 25 MHz clock rate. 

A new data word pair is available at the output every 
clock cycle. All input and output data ports are registered, 
with a user-configurable phase accumulator structure and 
input clock enables to simplify interfacing. The phase data 
range over a full 211 radians. All signals are TTL 
compatible. 

Fabricated in Raytheon Semiconductor's OMICRON-Ctm 
one-micron CMOS process, the TMC2340 operates at 
the 25 MHz maximum clock rate over the full commercial 
temperature (0 to 70°C) and supply (4.75 to 5.25V) 
voltage ranges, and is available in a low-cost 120 pin 
plastic pin grid array. The MIL-STD-883 version, the 
TMC2340L5V, is housed in a ceramic chip carrier and is 
specified over the full extended (-55°C to 125°C) case 
temperature range. 

Features 

♦ User-configurable phase accumulator for waveform 
synthesis, frequency modulation or phase modulation 

♦ Amplitude input for gain adjustment and amplitude 
modulation 



♦ Guaranteed 25 Msps pipelined data throughput rate 

♦ 1 5-bit magnitude, 32-bit phase data input precision 

♦ 1 6-bit offset binary or 1 5-bit unsigned magnitude 
output data format 

♦ Input register clock enables simplify interfacing 

♦ Low power consumption CMOS process 

♦ Single +5V power supply 

♦ Available in a 120-pin plastic pin grid array package 

♦ Compliant with MIL-STD-883B in a 1 32-leaded 
CERQUAD 

Applications 

♦ Digital waveform synthesis, including quadrature 
functions 

♦ Digital modulation and demodulation 



TMC2340 Logic Symbol 



DATA INPUTS 



CONTROLS 




For More Information call 1-800-722-7074. 
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Functional Block Diagram 



AM 



PH 



14-0) ENA PH (31-0) E NP (1,0) 

V (Vl v 



OEi > 




OB!Q> * 



'(15-0) 



J (15-0) 



Functional Description 
General Information 

The TMC2340 converts Polar (Phase and Magnitude) 
data into Rectangular (Cartesian) format. The first 
transformed result is available at the outputs 22 clock 
cycles after startup, with new output data available every 
40ns. All input and output data ports are registered, with 
input clock enables to simplify system bus connections. 

The input ports accept 15-bit amplitude and 32-bit 
phase data, and the output ports produce 16-bit 
Rectangular data words in either 16-bit offset binary or 
15-bit unsigned magnitude format. The 32-bit phase 
accumulator handles high-accuracy (0.006Hz at the 
maximum clock rate) phase increment values with 
minimal accumulation error. The flexible input phase 
accumulator structure supports frequency or phase 



modulation, as determined by the input register clock 
enable ENYP^ q and accumulator controls FM and PM. 
The 16 MSBs'(Most Significant Bits) of phase data are 
used in the transformation itself. 

Signal Definitions 



Power 

Vqd, gnd 

Clock 

CLK 



The TMC2340 operates from a single + 5V 
supply. All power and ground pins must be 
connected. 



The TMC2340 operates from a single clock. 
All enabled registers are strobed on the 
rising edge of CLK, which is the reference 
for all timing specifications. 
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Inputs/Outputs 

AM 14 _ 0 



AMi4_g is the registered peak amplitude 
15-bit input data port. AM 14 is the MSB. 



PH31-0 PH31-0 is the registered Phase angle 

increment 32-bit input data port. The input 
phase accumulators are fed through this 
port in conjunction with the input enable 
select ENPi # q. PH31 is the MSB. 

• 15-0 1 1 5_o is the registered X-coordinate 16-bit 
output data port. This output is forced into 
the high-impedance state when OEI = HIGH. 
Iq is the LSB. I15 will be "stuck at" logic 
HIGH if OBIQ=0. 

Ql5_g Q15-O ' s tne registered Cartesian 

Y-coordinate 16-bit output data port. This 
output is fo rced to the high-impedance 
state when 0EQ= HIGH. Q 0 is the LSB. 
Q-I5 will remain at logic HIGH if OB!Q=0. 



Controls 

ENA 



Data presented to the input port AM are 
latched into the input registers on the 
current clock when ENA is HIGH. When 
ENA is LOW, the data stored in the register 
remains unchanged. 



ENP-j 0 The value presented to the PH input port is 
latched into the phase accumulator input 
registers on the current clock, as deter- 
mined by the control inputs ENP^ g, as 
shown below: 



ENP 1f0 


Instruction 


00 


No registers enabled, current data held 


01 


M register input enabled, C data held 


10 


C register input enabled, M data held 


11 


M register set to 0, C register input enabled 



where C is the Carrier register and M is 
the Modulation register, and 0 = L0W, 
1 = HIGH. See the Functional Block 
Diagram. 



FM, PM 


The user determines the internal phase 




Accumulator structure implemented on the 




next clock by setting the accumulator 




control word FM, PM, as shown below: 


FM, PM 


Instruction 


00 


No accumulation performed 


01 


PM accumulator path enabled 


10 


FM accumulator path enabled 


11 


(Nonsensical) logical OR of PM and FM 



where 0 = LOW, 1 = HIGH. See the 
Functional Block Diagram. 

The accumulator will roll over correctly 
when full-scale is exceeded, allowing the 
user to perform continuous phase accumu- 
lation through 2ir radians, or 360 degrees. 

OBIQ The format select control sets the numeric 
format of the Rectangular data: offset 
binary format when HIGH, and unsigned 
when LOW. This is a static input. See the 
Timing Diagram. 

OB, OEQ Data in the output registers are available at 
the outputs of the device when the respec- 
tive as ynchr onous Output Enables are LOW. 
When OEX or 0EY is HIGH, the respective 
output port is in the high-impedance state. 



For More Information call 1-800-722-7074. 
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Package Interconnections 



Signal 
Type 


Signal 
Name 


Function 


H5 Package Pins 


L5 Package Pins 


Power 


v D d 


Supply Voltage 


C3, E3, H3, L4, L6, L8, L11, F11, E11, 
C11,C8, C6 


1, 9, 21, 37, 45, 53, 67, 87, 91, 
99, 112, 120 




GND 


Ground 


D3, E2, E1, F2, G3, K3, L3, L7, K1 1, J11, 
G11, F12, E12, D11, CIO, C9, B7, C7, C5, 
C4 


5, 11, 12, 14, 17, 29, 33, 49, 75, 
83, 86, 89, 95, 104, 108, 115, 116, 
124, 129 


Clock 


CLK 


9\/Qtpm Plnrk 

OyolGIII OIUUIx 


F3 


13 


Inputs 


AM 14 _ 0 


Radius Data 


F13, G13, G12, H13, H12, H1 1, J13, J12, 
K13, K12, L13, L12, M13, M12, N13 


85, 84, 82, 81, 80, 79, 78, 77, 76, 
74, 73, 71, 69, 68, 66 




PH 31-0 


Phase Data 


L10, N12, N11, M10, L9, N10, M9, N9, 
M8, N8, N7, M7, N6, M6, N5, M5, N4, 
IR M4 NT M? N2 M2 N1 12 M1 

l_<J, IVIt, IM\J, IVIU, 111*., IVIt., IMI, Ll, IVI 1 , 

L1, K2, J3, K1, J2, J1 


61, 60, 59, 58, 57, 56, 55, 54, 52, 
51, 50, 48, 47, 46, 44, 43, 42, 41, 
4fl ?q ?ft ?fi ?4 ?1 ?0 28 27 
26, 25, 24, 23, 22 


Outputs 


i 

•l 5-0 


1 Data 


mo mo no dio no aio qio aio 
Ulo, UIZ, Ulo, bio, LIZ, AM, bIZ, AIZ, 

B11, A11, B10, A10, B9, A9, B8, A8 


Qn QO QO QA QR 07 100 100 

yu, yz, yj, y4, yo, y/, iuu, iuz, 
105, 106, 107, 109, 110, 111, 113, 
114 




Q 15-0 


Q Data 


at An nn An or a a r> a a o a o no 

A7, A6, B6, A5, B5, A4, B4, A3, A2, B3, 
A1 R9 R1 o n n? 

HI, ViL, Dl, L> 1 , U£. 


111 1 m 1 m 101 ioo ioo inr 

117, 118, 119, 121, 122, 123, 125, 
19R 197 1?n 19? ? 4 R 7 8 

1 tU, It./, 1 OU, \Ot-, O, T 1 , U, / , O 


Controls 


ENR 


Radius In Enable 


M11 


63 




ENPio 


Phase In Enable 


G1, G2 


18, 16 




FM, PM 


Modulation 


H2, H1 


20 19 




OBIQ 


Cartesian Data Format 


F1 


15 




OET 


1 Out Enable 


E13 


88 




OEQ 


Q Out Enable 


D1 


10 


No Connect 


NC 


No Connect Pins 




2, 32, 35, 62, 64, 65, 72, 98, 101, 
103, 128, 131 






Index Pin 


D4 





Static Control Input 

OBIQ determines the numeric format of the output data: 22-cycle data path and is normally hardwired to a 

offset binary if HIGH and unsigned magnitude if LOW. system-specific state. 
This control acts with 2-cycle latency on the chip's 
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Table 1. Data Input/Output Formats - Integer Format 



Bit # 



Port OBIQ 


31 


30 29 


16 


15 


14 


0 


Format 


AM X 










2" 


. . 20. 


U 


PH X 


±2° 


2 -1 2 -2 


2-15 


2 -16 


2-17 


. . 2-31 


(xtt) T/U 


I 0 










2" 


. . 20. 


U 


I 1 








2 15 


214 


. . 20. 


B 


Q 0 










2 14 


. . 20. 


U 


Q 1 








2 15 


2 14 


. . 20. 


B 



Notes: 



±2° denotes two's complement sign or highest magnitude 
bit - since phase angles are module 2n and phase 
accumulator is module 2 32 . this bit may be regarded as 

±Jl. 

All phase angles are in terms of n radians, hence notation 

"X7L" 

A sign-and-magnitude "Q" output is obtained by 
appending the input bit PH31 as a sign bit to the 
corresponding (i.e., delayed 22 cycles) Q14-0. 
A sign-and-magnitude 1" output is obtained by appending 
the exclusive OR of PH31 and PH30 as a sign bit to the 
corresponding 1 14.0. 

When OBIQ=0, outputs I15 and Q15 become "do not 
connects" and will stay logic HIGH. (They may be wired to 
Vqd. 'eft open, or connected to any logic input without 
damage to the part or excessive power consumption.) 



6. Formats: 



T/U=Two's Complement/Unsigned Magnitude 32 Bits 
U = Unsigned Magnitude 15 Bits 

B = Offset Binary 16 Bits 



AM, 1, Q 


PH 


HEX 


U 


B 


T 


u 


FFFF 




32767 


-7T-2- 15 


x(2-2" 15 ) 


8001 




1 


-Trd-r 15 ) 


tt(1+2-1 5 ) 


8000 




0 


— 7T 


7T 


7FFF 


32767 


-1 


7T(1- 2-1 5 ) 


tt(1 -2" 15 ) 


0001 


1 


-32767 


.•2-15 


7T-2- 15 


0000 


0 


-32768 


0 


0 



"Hex" column contains the 16 MSBs of the 32-bit phase input 
(16 LSBs are 0), the 15 bits of the amplitude input or the 16 bits 
of the offset binary output. 



Figure 1. Timing Diagram, Operating Conditions 
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Figure 2. Timing Diagram, Phase Modulation 
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Notes: 1. OEI,OEQ = LOW. 

2. Carrier C and peak amplitude A loaded on CLK 0. 

3. Modulation values I, J, K, L, . . . loaded on CLK 1 , CLK 2, etc. 

4. Output corresponding to modulation loaded at CLK i emerged tpg after CLK i + 21 . 

5. To modulate amplitude, vary AM with ENA = 1 . 
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Figure 3. Equivalent Input Circuit 
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Figure 4. Equivalent Output Circuit 
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Figure 5. Transition Levels for Three-State Measurements 
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Absolute maximum ratings (beyond which the device may be damaged) 1 



Supply Voltage -0.5 to + 7.0V 

Input Voltage -0.5 to (V DD + 0.5)V 



Output Voltage 

Applied voltage -0.5 to (V DD + 0.5)V 2 

Forced current -6.0 to 6.0mA 3 - 4 

Short-circuit duration (single output in HIGH state to ground) 1 Second 



Temperature 

Operating, case -60 to +130°C 

junction 175°C 

Lead, soldering (10 seconds) 300°C 

Storage -65 to +150°C 



Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 



Operating conditions 









Temperature Range 










Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


V D D 


Supply Voltage 




4.75 


5.25 


4.5 


5.5 


V 


VlL 


Input Voltage, Logic LOW 






0.8 




0.8 


V 


V| H 


Input Voltage, Logic HIGH 




2.0 




2.0 




V 


l0L 


Output Current, Logic LOW 






8.0 




8.0 


mA 


lOH 


Output Current, Logic HIGH 






4.0 




•4.0 


mA 


tCY 


Cycle Time 


VDD=Min 




50 




55 


ns 






TMC2340-1 




40 




45 


ns 


tPWL 


Clock Pulse Width, LOW 


VoD=Min 


10 




11 




ns 






TMC2340-1 


8 




8 




ns 


tpWH 


Clock Pulse Width, HIGH 


VrjD=Min 


8 




8 




ns 






TMC2340-1 


6 




6 




ns 


ts 


Input Setup Time 




12 




13 




ns 






TMC2340-1 


10 




11 




ns 


tH 


Input Hold Time 




1 




2 




ns 






TMC2340-1 


1 




2 




ns 


T A 


Ambient Temperature, Still Air 




0 


70 






°C 


T C 


Case Temperature 








-55 


125 


°C 
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Electrical characteristics within specified operating conditions 1 







Temperature Range 








Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


Iqqq Supply Current, Quiescent 


Vrjrj = Max, V, N = 0V 




m 
IU 




1 n 
IU 


mA 


IqqU Supply Current, Unloaded 


Vqq = Max, f = 20MHz 
OEfand 0EQ=V DD 




160 




160 


mA 


l|L Input Current, Logic LOW 


V DD = Max, V, N = 0V 




1 n 
— IU 




1 n 
— I u 




l|H Input Current, Logic HIGH 


Vnn = MaX, V|M = Vnn 

UU MM UU 




10 




10 


/iA 


Vni Diitnnt Vnltanp I nnir I DW 
vni vjuipui vuuayc, luljiu i_uvv 


Vr\rk = Min Irti = MflY 
v riji — iviii i, iri| — ivicia 




0.4 




0.4 


v 


Vqh Output Voltage, Logic HIGH 


Vrjo = Min, lQH = Max 


2.4 




2.4 




V 


IqZL Hi-Z Output Leakage Current, Output LOW 


V DD = Max, V, N = 0V 




-40 




-40 


pck 


IgZH Hi-Z Output Leakage Current, Output HIGH 


V DD = Max, V, N = V DD 




40 




40 




IqS Short-Circuit Output Current 


VrjQ = Max, Output HIGH, one pin to 
ground, one second duration max. 


-20 


-100 


-20 


-100 


lik 


C| Input Capacitance 


T A = 25°C, f=1MHz 




10 




10 


pF 


Cg Output Capacitance 


T A = 25°C, f=1MHz 




10 




10 


pF 



Note: 1 . Actual test conditions may vary from those shown, but specified operation is guaranteed. 



Switching characteristics within specified operating conditions 







Temperature Range 








Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


trj Output Delay 


V DD = Min, C LOAD = 40pF 




22 




25 


ns 




TMC2340-1 




20 




23 


ns 


t^o Output Hold Time 


V DD = Max, C L0 AD = 4 °PF 




4 




4 


ns 




TMC2340-1 




4 




4 


ns 


^ENA Output Enable Delay 


V DD = Min, C L0 AD = 4 °P F 




13 




17 


ns 




TMC2340-1 




12 




15 


ns 


tgis Output Disable Delay 


V DD = Min, C L oAD = 4 °P F 




14 




14 


ns 




TMC2340-1 




13 




13 


ns 
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Phase/Amplitude to Sine/Cosine Conversion 
Geometry 

Polar-To-Rectangular Conversion Geometry 

The TMC2340 performs a coordinate-space transfor- 
mation according to the familiar trigonometic 
relationships shown in Figure 6. 



With constant amplitude and phase increment values and 
either FM or PM HIGH, the TMC2340 will output a 
series of complex number pairs representing the 
horizontal and vertical projections of a vector rotating 
about the origin, i.e., a cosine wave and a sine wave. 



Figure 6. Input to Output Relationship for Sinusoid Generation 




Y 0UT (n) = AM(n)SIN(PH • n) 
AM — 




*t = n/f CLK 
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-AM/2 



-AM 



X OUT (n) = AM(n)COS(PH «n) 



"> t = n / f CLK 
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Digital Waveform Synthesis 

Waveform Generation and Modulation 

Utilizing the internal phase accumlators in a TMC2340, 
users can easily generate high-accuracy digital quadrature 
sinusoidal waveforms with minimal support. The 32-bit 
data path ensures negligible cumulative error in most 
applications, and the accuracy of the transform is limited 
only by the truncation of the result to 16 bits prior to 
the Transform Processor and the ±1 LSB maximum error 
of the transform algorithm. Amplitude Modulation is of 
course performed simply by varying the amplitude input. 
Either Frequency (phase angle shifted by the cumulative 
sum of the modulation input) or Phase (phase angle 
shifted by the instantaneous modulation input) 
Modulation can be realized by configuring the TMC2340 
as shown in Figures 7 and 8. 



In Figure 7, the output valid during clock rising edge 
m + 22 is: 

lm + 22 = AM m cos(PH m + mPC) 
Q m + 2 2 = AM m sin(PH m + mPC) 

where PH m and AM m are the chip inputs at rising edge 
m, PC is the (constant) carrier phase increment, PM i = 0, 
PM 2,...m = 1 ' and FM 1-m = 0 - 

Expressed in terms of time instead of clock cycles, 
| ((m + 22)/fclk = AM m /f c | k cos(PH m /f c | k ) 

where f c | k is the frequency of the square wave applied 
to CLK. 



Figure 7. Performing Phase Modulation 



Figure 8. Performing Frequency Modulation 
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In Figure 8, the output valid during clock rising edge 
n + 22 is: 

n 

l m + 22 = AM m cos(E;PH m + nPC) 
m = 1 
n 

Q n + 22 = AM m sin(i:PH m + nPC) 
m = 1 

where PH m and AM m are the chip inputs at rising edge 
AM, PC is the (constant) carrier phase increment, 
FMi=0, FM 2 ... n = 1, and PM = 0. 



Expressed in terms of time instead of clock cycles, 

n 

l (n + 22)/fclk= AM m/fclk c os(i: PH m /f c |k+PC • m/fclk) 
m-1 

Digital Synthesizer with TDC1012 D/A Converter 

Connection of the TMC2340 to the TDC1012 D/A 
converter is straightforward. As shown in Figure 9, the 
TDC1012 data lines are connected to either the I or Q 
outputs. Both outputs may be used, with two TDC1012's 
for quadrature synthesis. 



Figure 9. Frequency Synthesizer 



LM313H 



HOST INTERFACE: 



AMPLITUDE 
DATA 



FREQUENCY 
AND/OR 
PHASE DATA 



MODULATION 
CONTROL 



ENA 



AM 



14-0 



ENP 



1-0 



PH 



31-0 



TMC2340 



FM, PM 



OEI 



GND 



OEQ OBIQ V DD CLK 



+5V>~ 



20MHz CRYSTAL 
OSCILLATOR 




11 

D 12 (LSB) 

V CC CONV FT 



Note: To use two TDC1012's in quadrature, connect second TDC1012 to Q 15 (MSB) to Q 4 and ground OEQ. 
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Control of the TMC2340 

The TMC2340 needs to be initialized to tell it what 
frequency and amplitude sinusoid to generate. To initialize 
amplitude, apply the desired full-scale amplitude to the 
AM input port of the TMC2340 (AM 14 through AMq) 
and pull ENA HIGH for one clock cycle. This will load 
the amplitude. If ENA is held HIGH, then the amplitude 
will follow the inputs on the AM port. If the user 
assumes an implied binary point before the MSB of the 
AM port, the input range will be 0 to just under 1, and 
the outputs will fall between 0 and 2, with binary points 
after 1 15 and Q15. 

To set the frequency, the C register must be loaded with 
a value which is the phase increment per clock cycle. If 
the binary point is considered to be just left of the MSB 
(input range is 0 to almost 1) then the output frequency 
is the TMC2340 clock frequency multiplied by the 
number loaded into C. Since C is 32 bits wide, with a 
20MHz clock, one LSB represents a frequency increment 
of 0.005Hz. 

To load the C register, set ENYPi =1 and ENYPq = 0; 
the data presented at the PH port will be loaded on the 
next clock rising edge. 

At this point the TMC2340 has been initialized and can 
be put into one of three modes depending upon the 
states of FM and PM: 

Mode 0 FM = 0, PM = 0 

In this mode the chip is in standby. The 
unchanging output corresponds to AM 
cos(PM] on the I outputs with PM being 
the phase increment. 

Mode 1 FM = 1 f PM = 0 

Frequency Modulation Mode. The chip 
generates an output signal of peak ampli- 
tude AM and frequency determined by 
accumulating the sum of the phase 



increment values in the C and M registers 
(more about the M register in a later 
section). 

Mode 2 FM = 0, PM = 1 

Phase Modulation Mode. The TMC2340 
generates a sinusoid of the frequency 
represented in the C register and the peak 
amplitude in the AM register. On each 
clock cycle, the phase of the signal is offset 
by the value in the M register. 

Modulation 

The output of the TMC2340 can be phase (Mode 2) or 
frequency (Mode 1) modulated. An unmodulated sinusoid 
results if the contents of registers C and M are held 
constant. Its frequency is set by C (Mode 2) or C + M 
(Mode 1). Since the state of the M register is not 
defined at power up, the M register shouid be loaded or 
cleared to begin operation. 

If the signal is to be frequency modulated then the 
modulation signal is loaded into the M register. The 
format for the frequency is the same as that for the C 
register. If ENYPi g = 0, 1 then the data that is 
presented at the PH port is automatically loaded on each 
clock rising edge. 

For phase modulation, the phase deviation is loaded 
into the M register (same manner as for frequency 
modulation). The units of the phase offset are cycles and 
full-scale is just under one output cycle per TMC2340 
clock cycle. The MSB represents a phase of 180°, and 
the LSB a phase of about 8x1 0 -8 degrees (eight one- 
hundred-millionths of a degree), or ttI2^ radians. 

To synchronize two TMC2340s, first load them with their 
respective data in mode 0, then switch them simulta- 
neously to either Mode 1 or Mode 2. 
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Calculating Frequency, Amplitude, and Phase 
Input Values for the TMC2340 

This Application Brief discusses equations which 
simplify the calculation of register values which 
control the TMC2340. These values allow the 
generation of output carrier frequency, frequency or 
phase modulation, and output amplitude. 

The results of the equations are converted to 
binary register values and should be rounded to the 
resolution of the applicable register (32 or 15-bits). 
For negative values of phase or frequency 
modulation, use these equations for positive values 
and see Table 1 of the TMC2340 data sheet to 
convert them to negative values. 

The TMC2340 operates by continuously 
incrementing a register (phase accumulator) that 
rolls over when it becomes full. For example, if the 
next increment to the phase accumulator causes it 
to overflow by 47 LSBs, the phase accumulator 
retains the value 47. The value present in the 
carrier register (C) is the amount by which the 
phase accumulator is incremented each system 
clock cycle. As the value of the carrier register is 
increased, the value with which the the phase 
accumulator is incremented each clock cycle is 
increased, resulting in an increased carrier 
frequency. 



CARRIER FREQUENCY: 



The magnitude of the carrier is determined or 
modulated by the value loaded in the AM register. 
Phase modulation is accomplished by adding the 
value of the phase accumulator to the value of the 
modulation (M) register. This adds an offset to the 
phase of the carrier. This does not affect the 
increment value of the phase accumulator and 
therefore only effects the phase of the carrier, 
leaving the frequency constant. 

Adding the value of the modulation register to the 
phase accumulator along with the value of the 
carrier register on each clock cycle results in a shift 
in frequency. This is because the phase 
accumulator is incremented by a different amount 
each clock cycle. 

Frequency or phase modulation is selected with the 
FM and PM input pins which configure the 
TMC2340. The equations presented herein are 
useful for setting carrier frequency and phase, 
output amplitude, and frequency and phase 
modulation. To modulate the carrier with an 
external signal, the signal must be digitized and 
those values loaded into the modulation inputs of 
the TMC2340. 

The carrier and modulation registers are loaded 
through the PH 31 . 0 inputs. The ENP 1 0 inputs 
select the desired register. The amplitude register 
is loaded through the AM 14 . 0 inputs. 



Carrier Register (C) Value = 



Desired Carrier Frequency 



Clock Frequency 
AMPLITUDE AND AMPLITUDE MODULATION: 



X 2 32 



AM Register Value = 



Desired Output Amplitude 
Full-Scale Output Amplitude 



X (2 15 -1) 



FREQUENCY MODULATION: 



Modulation Register (M) Value = 



Desired Change in Carrier Frequency 
Clock Frequency 



X 2 32 
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PHASE MODULATION: 

Desired Change in Phase in radians (degrees) 

Modulation Register (M) Vaiue = X 2 32 

2ti(360°) 

EXAMPLE 1 : Set carrier frequency to 3.579545 MHz with a system clock of 20MHz. 

Desired Carrier Frequency 3.579545 X 10 6 

Carrier Register (C) Value = X 2 32 = X 2 32 

Clock Frequency 20 X 10 6 

C = 0.17897725 X 4,294,967,296 = 768,701,436 = 2DD1 73FBh 
= 0010 1101 1101 0001 0111 0011 1111 1011 = PH 31 _ 0 

EXAMPLE 2: Set output amplitude to be 1 2.2% of full-scale. 

Desired Output Amplitude 0.122 

AM Register Value = X(2 15 -1) = X 32767 

Full-Scale Output Amplitude 1 .000 

AM = 3,998 = 0F9Eh = 0001 1111 0011 1100 = AM 14 . 0 

EXAMPLE 3: Change carrier frequency by 10kHz with a system clock of 3 MHz. 

Desired Change in Carrier Frequency 

Modulation Register (M) Value = X 2 32 

Clock Frequency 

10 X 10 3 

M = X 2 32 = 14,316,558 = 00DA740Eh 

3 X 10 6 

M = 00000000 1101 10100111 01000000 1110 = PH 31 _ 0 



EXAMPLE 4: Shift the phase of any carrier frequency by 1 2°. 

Desired Change in Phase 12 

Modulation Register (M) Value = X 2 32 = — - X 2 32 

360° 360 

M = 0.033333 X 2 32 = 143,165,577 = 0888 8889 h 
= 0000 1000 1000 1000 1000 1000 1000 1001 = PH 31 _ 0 
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Pin Assignments — 121 -Pin Plastic Pin Grid Array, H5 Package; 120-Pin Ceramic PGA, G1 Package 



Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


A1 


Q 5 


B3 


Q 6 


C5 


GND 


E1 


GND 


G11 


GND 


K1 


PH 2 


L10 


PH 31 


M12 


AM 1 


A2 


Q 7 


B4 


Q 9 


C6 


V DD 


E2 


GND 


G12 


AM 12 


K2 


PH 4 


L11 


V DD 


M13 


AM 2 


A3 


Q 8 


B5 


Q 11 


C7 


GND 


E3 


V DD 


G13 


AM 13 


K3 


GND 


L12 


AM 3 


N1 


PH 8 


A4 


Q 10 


B6 


Q 13 


C8 


V DD 


E11 


V DD 


-HI 


PM 


K11 


GND 


L13 


AM 4 


N2 


PH 10 


A5 


Q 12 


B7 


GND 


C9 


GND 


E12 


GND 


H2 


FM 


K12 


AM 5 


M1 


PH 6 


N3 


PH 12 


A6 


Q 14 


B8 




C10 


GND 


E13 


OET 


H3 


V DD 


K13 


AM 6 


M2 


PHg 


N4 


PH 15 


A7 


Q 15 


B9 


! 3 


C11 


V DD 


F1 


OBIQ 


H1 1 


AMg 


L1 


PH 5 


M3 


PH 11 


N5 


PH 17 


A8 


In 
'0 


B10 


'5 


C12 


In 
'11 


F2 


GND 


H12 


AMm 


L2 


PH-7 

rn 7 


M4 


PH10 

rn 13 


N6 


PHlQ 

rn 19 


A9 


>2 


B11 


! 7 


C13 


'13 


F3 


CLK 


H13 


AM^ 


L3 


GND 


M5 


PH16 


N7 


PH 2 , 


A10 


'4 


B12 


'9 


D1 


OEQ 


F11 


v D d 


J1 


PH 0 


L4 


v D d 


M6 


PH 18 


N8 


PH 22 


ah 


'6 


B13 


l 12 


D2 


do 


F12 


GND 


J2 


PHl 


L5 


PH 14 


M7 


PH 20 


N9 


PH 24 


A12 


'8 


C1 


*i 


D3 


GND 


F13 


AM 14 


J3 


PH 3 


L6 


V D D 


M8 


PH 23 


N10 


PH 26 


A13 


'10 


C2 


Q 2 


D11 


GND 


G1 


ENPt 


J11 


GND 


L7 


GND 


M9 


PH 25 


Nil 


PH 2 g 


B1 


Q 3 


C3 


v D d 


D12 


'14 


G2 


ENP 0 


J12 


AM 7 


L8 


V D D 


M10 


PH 28 


N12 


PH 30 


B2 


Q 4 


C4 


GND 


D13 


'15 


G3 


GND 


J13 


AM 8 


L9 


PH 27 


M11 


ENA 


N13 


AM 0 
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Pin Assignments - 132 Leaded CERQUAD, L5 Package 



Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


] 


Vnn 
V DD 


23 


PHi 
rn 1 


45 


Vnn 
V DD 


67 


Vnn 
V DD 


89 


GND 


111 


lo 

'2 


2 


NC 


24 


PH2 


46 


PH10 

rn 18 


68 


AMI 


90 


'15 


112 


VDD 


3 


u 4 


25 


PHo 
rn 3 


47 


PHm 
rn 19 


69 


AM2 


91 


Vnn 

V DD 


113 


I1 
'1 


4 




26 




48 


™20 


70 


GND 


92 


I, * 
'14 


114 


'0 


0 


bIMU 


97 
LI 


DU 

PH 5 


AO 


bIMU 


71 


AM 
AM3 


30 


1 

'13 


l lo 


bIMU 


a 

0 


Q 2 


9Q 

Zo 


DU 

PH 6 


50 


DU 

PH 21 


79 

/Z 


MP 

IMU 


Q/l 
34 


'12 


11R 
l lb 


GND 


7 


u 1 


90 

Z3 


UlMU 


R1 
0 1 


™22 


79 


AM - 


OK 
30 


RMn 

UlMU 


117 

1 1 / 


u 15 


3 


On 

u 0 


30 


PHt 


52 


PH 2 3 


74 


HIVI5 


96 


'11 


118 


Diii 
Q 14 


Q 

3 


V DD 


91 
01 


pu 

m 8 


DO 


V DD 


/O 


RMn 
UlMU 


07 
3/ 


ho 


110 
1 13 


Q 13 


m 

IU 


utu 


OZ 


MP 


OH 


DU_ 

PH 24 


7fi 
10 


AM_ 
AMg 


no 
3o 


MP 
IMU 


i9n 

IZU 


V DD 


11 


UlMU 


99. 
OO 


UlMU 


00 


m 25 


77 


am_ 

Ml VI 7 


QQ 
33 


V DD 


191 
IZ I 


u 12 


19 
IZ 


UlMU 


Of 


m 9 


OD 


pu„„ 
KH 26 


7Q. 
/O 


MIVIo 


IUU 


'9 


199 
IZZ 


u 11 


1*3 

lo 


lli\ 


9R 
00 


MP 
IMU 


R7 
0/ 


pu„_ 
PH 27 


7Q 

/y 


AM~ 
AMg 


mi 

IUI 


MP 
IMU 


199. 
IZO 


u 10 


14 


GND 


36 


PHm 

rn 10 


58 


PH 2 s 


80 


AMm 


102 


'8 


124 


GND 


15 


OBIQ 


37 


V DD 


59 


PH 29 


81 


AM n 


103 


NC 


125 


Qq 

3 


16 


ENP 0 


38 


PH n 


60 


PH 30 


82 


AM 12 


104 


GND 


126 




17 


GND 


39 


PH 12 


61 


PH31 


83 


GND 


105 


'7 


127 


Q7 


18 


ENP 1 


40 


PH13 


62 


NC 


84 


AM 13 


106 


'6 


128 


NC 


19 


PM 


41 


PH 14 


63 


ENA 


85 


AM 14 


107 


'5 


129 


GND 


20 


FM 


42 




64 


NC 


86 


GND 


108 


GND 


130 


°6 


21 


v D d 


43 


PH16 


65 


NC 


87 


V D D 


109 


'4 


131 


NC 


22 


ph 0 


44 


PH 17 


66 


AM 0 


88 


OEI 


110 


'3 


132 


Q 5 



132 100 
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Ordering information 



Product 
Number 


Temperature Range 


Screening 


Package 


Pakcage 
Marking 


TMC2340H5C1 
TMC2340H5C 


STD:T A = 0to70°C 
STD:T A = 0to70°C 


Commercial 
Commercial 


121 -Pin Plastic Pin Grid Array 
121-Pin Plastic Pin Grid Array 


2340H5C1 
2340H5C 


TMC2340L5V1 
TMC2340L5V 


EXT:Tc = -55°Cto125 0 C 
EXT:Tc = -55°Cto125°C 


MIL-STD-883B 
MIL-STI>883B 


132-Leaded CERQUAD 
132-Leaded CERQUAD 


2340L5V1 
2340L5V 


TMC2340G1V1 
TMC2340G1V 


EXT:Tc = -55°Cto125°C 
EXT:T C = -55°Cto125X 


MIL-STD-883B 
MIL-STD-883B 


120-Pin Ceramic PGA 
120-Pin Ceramic PGA 


2340G1V1 
2340G1V 



40G06720 Rev B 8/93 
For More Information call 1-800-722-7074. 
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Section 2 — Application Specific Standard Products 



ARINC Products 



ARINC 
Channel 
0 




+15V 



V R V, SyncClk+Vs 
RM3182 
RM3182A » 

A OUT 


Data (A) 


B OUT 


Data(B) 


-v 8 


Gnd PE CA 


CB 



ARINC 
Line Out 



-15V 



U 1 1 



From 
Microprocessor 



Microprocessor 
Data Bus 



ARINC429 defines an air transport industry standard for 
the transfer of digital data between avionic system 
elements. It specifies the basic system configuration and 
communication protocols. Any avionics element, having 
information to transmit, will do so from a designated 
output port over a single twisted and shielded pair of 
wires to all other elements that have a need for such 



information. The information flow is uni-directional. The 
typical ARINC429 system consists of a Controller, which 
oversees the gathering and time multiplexing of data in 
accordance with the protocol, a Line Driver, capable of 
driving the twisted pair, and one or more Receivers, 
which process the data transmitting over the twisted pair. 



Dual Receiver 

Features 

♦ Converts ARINC429 levels to serial data 

♦ Two separate analog receiving channels 

♦ Built in TTL compatible test inputs 

♦ TTL and CMOS compatible inputs 

♦ Short-circuit protected 

♦ 31 83 and 3283 are pin compatible 



Line Drivers 

Features 

♦ Adjustable rise and fall times 

♦ Adjustable output voltage swing 

♦ Short circuit protection 

♦ Output over-voltage protected 

♦ TTL and CMOS compatible inputs 

♦ Drives 400Qf /30 nF loads 

♦ MIL-STD-883B screening available 



For More Information, call 1-800-722-7074. 
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ARINC Receivers 




Bandgap 
References 


Hysteresis 


Matched 
Prop. Delays 


MIL-STD-883 


Voltages 


Packages 


RM3183 


No 


No 


No 


No 


+15, -15, +5V 


20 pin CDIP 
20padLCC 


RM3183/883B 


No 


No 


No 


Yes 


+15, -15, +5V 


20 pin CDIP 
20padLCC 


RM3283 


Yes 


Yes 


Yes 


No 


+15, -15, +5V 


20 pin CDIP 
20 pin SOL 
20padLCC 



RM3283/883B Yes Yes Yes No +15.-15.+5V 20 pin CDIP 
20padLCC 



ARINC Line Drivers 



Digitally Sel 
Transmission Rate 


75^2 Nominal 


Output Impedance 
75Q Controlled 


2Q 


MIL-STD-883 


Voltages 


Packages 


RM3182 


No 


Yes 


No 


No 


No 


+15, -15,+5V 


20 pin CDIP 
20padLCC 


RM3182/883B 


No 


Yes 


No 


No 


Yes 


+15, -15.+5V 


20 pin CDIP 
20padLCC 


RM3182A 


Yes 


No 


Yes 


Yes 


No 


+15, -15.+5V 


20 pin CDIP 
20 pin SOL 
20padLCC 


RM3182A/883B 


Yes 


No 


Yes 


Yes 


Yes 


+15.-15.+5V 


20 pin CDIP 
20padLCC 
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RM3182 

ARINC 429 Diff erential Line Driver 



Description 

The RM3182 consists of a bus interface line driver 
circuit plus auxiliary gating and synchronization 
circuitry. Designed to address the ARINC 429 
standard, the RM31 82 has output rise and fall 
times adjustable by the selection of two external 
capacitor values, and the output voltage swing 
range can be adjusted through an externally 
applied Vref signal. The logic inputs as well as 
the sync control inputs are TTL/CMOS compatible. 
The device is constructed on a monolithic IC using 
a junction-isolated bipolar process. Sputtered SiCr 
resistors are used in the internal bias circuitry, 
providing stable internal bias currents. The 
RM3182 is available in 16-lead ceramic DIP and 
28-pad LCC, and can be ordered with MIL-STD- 
883B high reliability screening. 



Features 

♦ Adjustable rise and fall times 

♦ Adjustable output voltage swing 

♦ Short circuit protected 

♦ Output overvoltage protected 

♦ Sync and clock enable inputs 

♦ TTL and CMOS compatible inputs 

♦ MIL-STD-883B types available 

♦ 1 00 Kbits/second data rate 



Functional Block Diagram 



V«F *v 8 C A 
(DO (9)Q 0(5) 



<4) 

Data (A) Q 




1. R L and C L 

2. Pin 



are external. Full load value* are: R L x 400 fl, G.s 0.03 |iF. 
are for 16-lead DIP. 
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Absolute Maximum Ratings 

Supply Voltage (+Vs to -Vs) 36V 

V1 Voltage +7V 

Vref Voltage +6V 

Logic Input Voltage -0.3V to +Vs +0.3V 

Output Short Circuit Duration See Note 1 

Output Overvoltage ±6.5V 

Storage Temperature Range -65°C to +150°C 

Operating Temperature Range -55°C to +125°C 

See Note 2 

Lead Soldering Temperature (60 sec.) +300°C 

Notes: 

1 . Heatsinking may be required for output short circuit at + 1 25°C. 

2. Heatsinking may be required depending on load and signal 
frequencies 



Ordering Information 







Oneratlna 


Part Number 


Package 


Temperature 






Range 


RM3182S 


S 


-55°Cto+125 # C 


RM3182S/883B 


S 


-55 o cto+i25 o c 


RM3182L 


L 


-55 - Cto+125 # C 


RM3182L/883B 


L 


-55 - CtO+125 # C 



Notes: 

/883B suffix denotes MIL-STD-883, Level B processing 
S = 16-lead sidebraze ceramic DIP 
L » 28-pad leadless chip carrier 



Thermal Characteristics 

(Still air, soldered into PC board) 





16-Lead 
Sidebrazed 
DIP 


28-Pad 
LCC 


Max. Junction Temp. 


+175°C 


+175°C 


Max. P D T A <50°C 


1470 mW 


1040 mW 


Therm. Res. 0jc 


25°C/W 


25°C/W 


Therm. Res. 8ja 


85°C/W 


120°C/W 


For Ta>50°C Derate at 


11.7mW/°C 


8.3 mW/°C 
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Connection Information 

16-Lead Sldebraze DIP (Top View) 



IT 

l 




HI 


IT 
Li 






n 






E 




E 


[I 




u 


H 






\L 




13 


d 




3 
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28-PadLCC (Top View) 
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Pin 


Function 






1 


Vref 






2 


Pwr Enable 






3 


Sync 






4 


Data (A) 






5 


Ca 






6 


AoUT 






7 


-Vs 






8 


GND 






9 


+v s 






10 


NC 






11 


VquT 






12 


c b 






13 


Data(B) 






14 


Clock 






15 


NC 






16 


V1 






Pin 


Function 


Pin 


Function 


1 


Vref 


15 


GND 


2 


NC 


16 


+V S 


3 


Pwer Enable 


17 


Bout 


4 


Sync 


18 


NC 


5 


NC 


19 


NC 


6 


Data (A) 


20 


NC 


7 


NC 


21 


NC 


8 


NC 


22 


C B 


9 


Ca 


23 


Data(B) 


10 


NC 


24 


NC 


11 


NC 


25 


Clock 


12 


NC 


26 


NC 


13 


AOUT 


27 


NC 


14 


-V S 


28 


V1 
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Electrical Characteristics 



(V s = ±15V, = V1 = +5V, Pwr Enable = OV, R L = open circuit, -55°C £ T A <: +125'C) 



Parameters 


Test Conditions 


Mln 


Typ 


Max 


Units 


Positive Supply Current 


Data Rate = 0 to 100 Kbits/sec 




11 


16 


mA 


Negative Supply Current 


Data Rate = 0 to 100 Kbits/sec 


-16 


-10 




mA 


V1 Supply Current 


Data Rate = 0 to 100 Kbits/sec 




200 


975 


HA 


V RPP Supply Current 

Her * * j 


Data Rate = 0 to 100 Kbits/sec 


-1.0 


-0.4 


-0.15 


mA 


Input Logic Level High 




2.0 






V 


Input Logic Level Low 








0.5 


V 


Output Voltage High 


With Respect to Ground 


4.75 


5.0 


5.25 


V 


Output Voltage Low 


With Respect to Ground 


-5.25 


-5.0 


-4.75 


V 


Output Voltage Null 


Both Data Input = Logic 0 


-250 


0 


+250 


mV 


Input Current High 


V IN = 2.0V 




1 


10 


HA 


Input Current Low 


V IN = 0.5V 


-20 


-1 




MA 


Output Short Circuit Current 


Output in High State, to Gnd 




-133 


-80 


mA 


Output Short Circuit Current 


Output in Low State, to Gnd 


80 


133 




mA 


Positive Supply Current 


Output High and Shorted to Gnd 






150 


mA 


Negative Supply Current 


Output Low and Shorted to Gnd 


-150 






mA 


Input Capacitance* 






5 


15 


PF 



•Guaranteed by design. 



Typical Power Dissipation Characteristics 

(V s = ±15V, V1 = V^ = +5V, Pwr Enable = 0V, T A = +25*C) 



Data Rate 
(Kbits/sec) 


Load 


Positive 
Supply 
Current 


Negative 
Supply 
Current 


Pin V1 
Supply 
Current 


Internal 
Power 
Dissipation 


Load 
Power 
Dissipation 


0 to 100 


Open Circuit 


11 mA 


-10 mA 


200 [lA 


325 mW 


0 


12.5 to 14 


Full Load** 


24 mA 


-24 mA 


200 ^lA 


660 mW 


60 mW 


100 


Full Load** 


46 mA 


-46 mA 


200 mA 


1000 mW 


325 mW 



R L = 400Q, C L = 0.03 nF (see Functional Block Diagram). 
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Principles of Operation 

Each device consists of one differential driver and 
associated gating circuitry. The gating circuitry 
consists of clock and sync signal inputs which are 
ANDed with the two data inputs. See the block 
diagram and truth table. Three power supplies 
are required to operate the RM3182 in a typical 
ARINC 429 bus application: +15V, -15V, and 
+5V. The +5V supply, in addition to powering the 
internal bus current regulator, provides a refer- 
ence voltage that determines the output voltage 
swing. The differential output swing will equal 2 
. If a value of V REF other than +5V is used, 
then a separate +5V supply is required for pin V1 . 

Figure 1 depicts connections for the ARINC 429 
application. The driver output impedance is 
nominally 75Q. With the Data(A) input at a logic 
high and Data (B) input at a logic low, A QUT will 



'REF 



swing to +V REF and B 0UT will swing to • 
(constituting a logic high state). Reversinglhe 
data input states will cause A CUT to swing to 
-V REF and B OUT to +V REF . With both data input 
signals at a logic low state, the outputs will both 
swing to OV (output in null state). 

The slew rate of the outputs, and consequently 
rise and fall times, can be adjusted through the 
selection of two external capacitor values. Typical 
values are C A = C B = 75 pF for high-speed opera- 
tion (100 Kbits/sec) and C A = Co - 500 pF for 
low-speed operation (12.5 to 14 Kbits/sec). 

The device can be powered down by applying a 
logic high signal to the Power Enable pin. If the 
power down feature is not used, then the Power 
Enable pin should be tied directly to ground. 




To Bus 



Note: Pin numbers are for 
the 16-leadDIP. 



-15V 

Figure 1. ARINC 429 Bus Application 
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Truth Table 



Sync 


Clock 


Data (A) 


Data(B) 


AOUT 


BOUT 


Comments 


X 


L 


X 


X 


ov 


OV 


Null 


L 


X 


X 


X 


ov 


OV 


Null 


H 


H 


L 


L 


ov 


OV 


Null 


H 


H 


L 


H 


-Vref 


+VREF 


Low 


H 


H 


H 


L 


+Vref 


-Vref 


High 


H 


H 


H 


H 


ov 


ov 


Null 
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RM3182A 

ARINC 429 Differential Line Driver 



Description 

The RM3182A is a complete differential line driver IC. 
When Data A = Data B or Sync or Clock Signal is low, 
the driver forces the output to a Voltage Null level (OV ± 
250 mV). Designed to address the ARINC 429 standard, 
the RM3182A has output rise and fall times that can be 
adjusted by the selection of an external capacitor (Ca or 
Cb) and an output voltage range adjustable through an 
externally applied Vref signal. All logic inputs and sync 
control inputs are TTL/CMOS compatible. The device is 
constructed on a monolithic IC using a junction-isolated 
bipolar process. Sputtered SiCr resistors in the internal 
bias circuitry provide for stable bias currents and a 
tighter tolerance of output impedance. The RM3182 is 



Functional Block Diagram 



available in 16-lead ceramic side-brazed DIP, 28-pad 
LCC and can be ordered with MIL-STD-883B high 
reliability screening. 

Features 

♦ Adjustable rise and fall times 

♦ Low supply current 

♦ Capable of driving 30 nF || 400Q 

♦ Digitally selectable 1 2.5 or 1 00 kbit/sec data rate 

♦ Adjustable output voltage swing 

♦ Output overvoltage protected 

♦ Short circuit protected 

♦ TTL and CMOS compatible inputs 

♦ MIL-STD-883B screening available 

♦ Available in 1 6-lead ceramic side-brazed DIP 
and 28-pad LCC 



Clock 
Sync 



Rate 
Select 



Charge Pumps 



}±i — 


Data (A) 
Clock Ca P< A > 
Sync 'set (A) 

Vref 
DataB 

v Cap(B) 
"** Iset(B) 


14 

Uj — 


i-4 — 


.131 














Vlooc l SET (A) 
Select ,set(B) 






Note: Pin numbers are for the DIP package. 
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Absolute Maximum Ratings 

Supply Voltage (Vcc to V E e) +36V 

V|_OGIC Threshold Voltage +7V 

Vref Voltage +Vcc 

Logic Input Voltage -0.3V to Vlogic +0-3V 

Temperature Range 

Storage -65°Cto+150°C 

Operating -55°C to +125°C 

Junction Temperature -55°C to +175°C 

Lead Soldering Temperature 

(60 sec) +300°C 

Thermal Characteristics 

(Still air, soldered on a PC board) 



Connection Information 



Parameter 



Max. Junction Temp. 
Therm. Res. 8ja 
Therm. Res. 0jc 
For Ta>50°C Derate at 



16-Lead 
Side-brazed 
DIP 



+175°C 
70°C/W 
28°C/W(1) 
14.3 mW/°C 



28-Pad 
LCC 



+175°C 
60°C/W 
25°C/W 
13.3 mW/°C 



Ordering Information 



Part 


Package 


Operating 


Number 




Temperature 






Range 


RM3182AS 


S 


-55°Cto+125°C 


RM3182AL 


L 


-55°C to +125°C 



Notes: 

S = 16-lead ceramic DIP 

L = 28-pad ceramic leadless chip carrier 







Top View 
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Pin Definition 16- lead DIP 


Pin 


Function 


Pin 


Function 


1 


V ref 


9 




2 


Rate Select 


10 


Amp A 


O 


Sync 


11 


OutB 


4 


Data A 


12 




5 


c A 




13 


DataB 


O 


Out A 


14 


Clock 


7 






15 


AmpB 


8 


GND 


16 


V 

LOGIC 






Top View 








4 3 2 


282726 






5; 






C25 




6 5 






C 24 




7$ 






C23 




8 5 






L 22 




95 






S 21 




io5 






i 20 










C19 






1213 1415161718 
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Pin Definition 28-termlnal LCC 


Din 

pin 


Function 


Pin 


Function 


4 
1 






15 


GND 


o 
4. 






16 


Vcc 


o 
o 


Rate Select 


17 


OutB 


A 

4 


Sync 




18 


NC 


c 
O 


NC 




19 


NC 


6 


Data A 


20 


Amp A 


7 


NC 




21 


NC 


8 


NC 




22 


c B 


9 


c A 




23 


DataB 


10 


NC 




24 


NC 


11 


NC 




25 


Clock 


12 


NC 




26 


AmpB 


13 


Out A 


27 


NC 


14 


v EE 




28 


V 

v LOGIC 
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Electrical Characteristics 

(V C c = +15V, V E e = -15V. Vref = Vlogic = Rate Select = OV. R L = Open Circuit, C L = 0 pF. -55°C < T A < +■ 



Parameters 


Symbol 


Test Conditions 


Min 




Max 


Units 


Positive Supply Current 


tec 


Data Rate = 0 to 100 kb/s 


4.0 


5.7 


6.9 


mA 


Negative Supply Current 


Iee 


Data Rate = 0 to 100 kb/s 


4.0 


4.d 


6.9 


mA 


VLOGIC Supply Current 


'LOGIC 


Data Rate =0 to 100 kb/s 


150 


214 


300 


HA 


Vref Supply Current 


IREF 


Data Rate =0 to 100 kb/s 


-600 


-294 


-100 


MA 


Input Logic Level High 


V|H 


Dependent on Vlogic 


2.0 




Vlogic 


V 


Input Logic Level Low 


V|L 








0.5 


V 


Output Voltage High 


Vqh 


With Respect to Ground 


4.75 


5.0 


5.25 


V 


Output Voltage Low 


Vql 


With Respect to Ground 


-5.25 


-5.0 


-4.75 


V 


Output Voltage Null 


Vnull 


Both Data Inputs = Logic 0 


-250 


0 


+250 


mV 


Input Current High 


llH 


V| N = 2.0V 






1 


HA 


Input Current Low 


IlL 


V| N = 0.5V 


-645 


-161 


-50 


nA 


Input Capacitance 


C|(1J 








15 


pF 


Output Short Circuit Current 


tec 


Aout and/or Bout shorted line to 














lineortoGND 


100 


133 


156 


mA 


Vqc Short Circuit Current 


•scvcc 


Aout and/or Bout shorted line to 














lineortoGND 




140 


165 


mA 


Vee Short Circuit Current 


ISCVEE 


Aout and/or Bout shorted line to 














lineortoGND 




140 


165 


mA 



Note: 1 . Guaranteed by design 



Typical Power Dissipation Characteristics 

(V C C = +15V, V E E = -15V, Vref = +5V, T A = +25°C, C A = C B = 56 pF) 







Rate 


Positive 


Negative 


Pin Vlogic 


Total 


Data Rate 


Load 


Select 


Supply 


Supply 


Supply 


Power 


(Kbits/sec) 






Current 


Current 


Current 


Dissipation 


0-100 


Open Circuit 


Logic 1,0 


5.7 mA 


4.9 mA 


214 jjA 


160 mW 


12.5-14 


Full Load* 


Logic 1 


19.6 mA 


22.7 mA 


200 mA 


655 mW 


100 


Full Load* 


Logic 0 


39.1 mA 


38.4 mA 


200 mA 


1165 mW 



*Rl = 400Q, Cl = 0.03 pF (See Functional Block Diagram) 



For More Information, call 1-800-722-7074. 



Raytheon Semiconductor 



2-345 



RM3182A 



1 
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s 



Supply Current vs. Temperature 
(C L = 0 pF, r\ = Open Circuit) 




Temperature (°C) 



500 
400 
? 300 
£ 200 

a 

100 



0 
-55 



Iref . LOGIC vs. Temperature 




















1 LOGIC 















25 

Temperature (°C) 



125 
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Principles of Operation 

The device contains three main functional blocks. The first block is a digital section used to decode the ARINC Clock, 
Synchronization, and Data inputs as shown in Functional Block Diagram. This block takes these inputs and channels the 
data to the charge pump circuits. The logical relationship for these pins is presented below. 



I/O Truth Table 



Sync 


Clock 


Data A 


DataB 


Out A 


OutB 


Comments 


X 


L 


X 


X 


OV 


OV 


Null 


L 


X 


X 


X 


ov 


ov 


Null 


H 


H 


L 


L 


OV 


ov 


Null 


H 


H 


L 


H 


-Vref 


+VREF 


Low 


H 


H 


H 


L 


+Vref 


-Vref 


High 


H 


H 


H 


H 


ov 


ov 


Null 



The second functional block is a charge pump circuit that is used to control the output waveform and its timing 
characteristics. This is achieved through charging and discharging a capacitor with a known current. The capacitor is user 
selectable, and is connected between Ca or Cb pins and ground. A Rate Select pin (digital input) enables to set the rise 
and fall time. If this pin is tied to ground, the device functions in the high rate. This mode is recommended if the user does 
not have an application requiring data rate switching. In the table below, recommended capacitor values are given for 
each possible data combination. 



Rate Select Pin Truth Table 





Ca 


10% to 90% 


Data Rate 




Rate Select 


Cb 


Rise/Fall Time 


(Kbits/sec) 


Comments 




(PF) 


(MS) 






Logic 0 


56 


1.5 


100 


High Rate 


Logic 1 


56 


10 


12-14.5 


Low Rate 


Logic 0 


390 


10 


12-14.5 


Low Rate 


Logic 1 


390 


N/A 


N/A 


Not Used 



The last functional block of the device consists of a voltage follower and a high power output differential amplifier. The 
voltage follower buffers the signals presented at the charge caps and presents the mirrored signal to the difference 
amplifier to drive the ARINC line. Two different outputs are available from the differential amplifiers: Amp A, Amp B, and 
Out A , Out B. The outputs Amp A and Amp B are the direct outputs of the power amplifier. The outputs Out A and Out B 
include 37.5Q series resistors added to minimize bus reflections by matching the power amplifier's output impedance to 
the cable's impedance of 75Q. Amp A and Amp B may be used to customize the output impedance of the device. These 
outputs can also be used to enhance the device's drive capability. For example, driving the standard 30 nF || 400Q load 
defined in the ARINC specifications (see output drive capability and capacitive loads for more details). All outputs are 
protected from voltage spikes with diodes connected between the output pins and the supply lines. 
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Output Drive Capability and 
Capacitive Loads 

The Traditional Approach 

The RM3182A is capable of driving a high capacitive/ 
resistive load. If complete ARINC compliance is required 
then Out A and Out B pins are recommended to maintain 
the output impedance. In this configuration, driving the 
full ARINC load of 30 nF || 400ft the output characteristic 
takes on the transfer function of a low pass filter due to 
the internal 37.5ft resistor, the line resistance and the 
capacitance associated with the cable. This will result in 
a lower rise/fall time of the device. Equation 1 .1 relates 
the output voltage at Out A and Out B to the voltage at 
the power amplifier's output. Output A is taken for this 
example: 



1.1 



Out A = 



AmpAZi/2 
(Z L /2) + R 0 UT 



Where: Rout ■ 37.5ft and Z|_ ■ R|_ II Cl 

The output as a function of frequency is given by 
equation 1.2. 



1.2 

Aout(/g>) = Amp A(/co) 



Rl 



RL + 2ROUT 0 +>Cl 

LR 4 



Using equation 1.2, a time constant can be determined 
for the given application which is shown 
in equation 1.3. 



1.3 



t = (R0UT||Rl)C L 



So, for the maximum loading condition of 30 nf || 400ft 
the resulting time constant is 1 .9 us. This shows that with 
a maximum load, the output waveform is greatly affected 
by the low pass filter combination of the Rout II Rl 
resistor and the load capacitance. 



A New Option: Amp A/Amp B 

The RM3182A also provides the user the option of 
connecting the data line directly to the power output 
amplifiers thus bypassing the internal 37.5ft resistance 
of the device and matching the line more precisely. For 
example, using a 1% 37.5ft resistor allows better control 
of the output impedance. By applying the load directly 
to the power amplifiers output pins, the resulting 
waveform is virtually unchanged when driving other 
loads. There may be applications where these pins 
present a more desirable result. For instance, if the line 
that the chip is driving is short then the parasitic 
components of the line can be neglected, and power 
amplifier can be tied directly to the lines. This option can 
be utilized to achieve a greater noise immunity through 
bypassing the internal resistors. 

Applications 

Heat Sinking /Air Flow and Short Circuit 
Protection 

The user application will determine if and how much 
heat sinking/air flow will be required for the RM3182A. 
Consideration must be given to ambient temperature, 
load conditions and output voltage swing. In addition, 
power consumption increases with increased operating 
frequency. Use the numbers given in the Thermal 
Characteristics Table to determine that the maximum 
allowable junction temperature of 175°C is not 
exceeded. 

Outputs Out A and Out B are short circuit protected by 
the internal 37.5ft back termination resistors. During a 
short circuit of the output to either power supply or 
ground, the device must be able to dissipate the 
generated heat. For example, if the output is shorted to 
ground and Vcc = +15V, the device must dissipate 15V 
x 0.1 65A = 2.5W. An appropriate heat sink is required in 
this situation. 

Note that the Amp A and Amp B outputs are not short 
circuit protected. Shorting these pins to either power 
supply or ground will cause failure of the device. An 
added external resistor will protect the circuit by limiting 
the current. 
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Power Supply Considerations 

Three power supplies are required to operate the 
RM3182A in a typical ARINC 429 bus application: +15V 
for Vqc. -15V for Vee, and +5V for both Vref and 
VloGIC- The differential output swing of the RM3182A 
is equal to 2 x Vref • Using +5V gives a differential 
output swing of 1 0V. If a different output voltage swing 
is required, an additional power supply is needed to set 
VLOGIC- 

Each power supply pin should be decoupled to ground 
using a high quality 10 nF tantalum capacitor. This is 
especially true when driving a large capacitive or 



resistive bads. The decoupling capacitors should be 
located as close to the device pins as possible to 
eliminate the wiring inductance. 

Typical ARINC 429 Application 

Figure 1 shows typical switching waveform for the 
RM3182A in any configuration. 

Figure 2 depicts connections for a ARINC 429 high 
speed bus driver application. This circuit shows the 
complete configuration for a 100 Kbits/sec, 10V 
differential output swing using the terminated output 
pins. 



Data A 



ovJT 



J~L 



DataB 



OV ! 



n 



J~L 



+V REF i i 1 Adjust By Cb or Rata Select 
->T i f ^ Vref — 



Out A or 
Amp A 



Adjust By C A or Rate Select 



Differential 
Output 




Out A- Out B 
or 

Amp Out A- 
Amp Out B 



Low«-V REF 



Note: Outputs unloaded 



Figure 1. Switching Waveforms 



Input • 




10 uF r- 
Tantalum — 



NC- No Connection 



65-5891A 

Figure 2. ARINC 429 Bus Driver Application (100 kb/s Mode) 
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RM3183 

Dual ARINC 429 Line Receiver 



Description 

The RM3183 is a dual line receiver designed to meet ail 
requirements of the ARINC 429 interface specification. It 
contains two independent receiver channels which 
accept differential input signals and converts then to 
serial TTL data. 

Input overvoltage protection is provided by special 
circuitry including dielectrically-isolated thin-film resistors 
and clamping diodes. Self-test logic inputs are provided 
for internal system tests. These inputs force the outputs 
to either a high, a low or a null state for off-line system 
tests. 

Input noise filtering is accomplished with external 
capacitors. Two are required for each channel and can 
be adjusted for best noise immunity at a specific data 
rate. 

Three power supplies are needed plus ground. The input 
thresholds depend only on the logic supply, so a wide 
range of dual supplies can be accommodated. 



The Raytheon RM3183 line receiver is the companion 
chip to the RM3182 line driver. Together they provide all 
the analog functions needed for the ARINC 429 
interface. Digital data processing involving serial-to- 
parallel conversion and clock recovery can be 
accomplished using one of the ARINC interface ICs 
available or by discrete or gate array implementations. 

Features 

♦ Converts ARINC levels to serial data 

♦ Adjustable noise filters 

♦ TTL and CMOS compatible outputs 

♦ Built-in test inputs 

♦ Input protection circuitry 

♦ Mil-Std-883B screening available 

♦ 20-pin DIP and LCC packages available 

♦ Dice with Mil visual screening available 



For More Information, call 1-800-722-7074. 



Raytheon Semiconductor 



2-351 



RM3183 



Absolute Maximum Ratings 



Supply Voltage +Vs +20VDC 

-VS -20VDC 

+VL +7VDC 

Operating Temperature Range -55°C to +125°C 

Storage Temperature Range -65°C to +150°C 

Input Voltage Range ±50V 

Output Short Circuit Duration Not Protected 

Internal Power Dissipation 900 mW 

Lead Soldering Temperature 

(DIP, LCC; 60 sec.) +300°C 



Connection Information 



Thermal Characteristics 

(Still air, soldered into PC board) 





20-Lead 
Ceramic 
DIP 


20-Pad 
LCC 


Max. Junction Temp. 


+175°C 


+175°C 


Max. P D T A <50°C 


1042 mW 


925 mW 


Therm. Res. OJc 


60°C/W 


37°C/W 


Therm. Res. 9Ja 


120°C/W 


105°C/W 



Ordering Information 







Operating 


Part Number 


Package 


Temperature 






Range 


RM3183S 


D 


-55'Cto+125*C 


RM3183L 


L 


-55 # Ct0+125 # C 



Notes: 

D - 20-lead ceramic DIP 

L - 28-pad leadless chip carrier 



Top View 




1 

HI 

m 
m 

i3 
ill 
E 



Pin Definition 20-Lead DIP/20-Termlnal LCC 



Pin 


Function 


Pin 


Function 


1 


-V S 


11 


+V S 


2 


TestA 


12 


OUT1B 


3 


CAP2B 


13 


NC 


4 


IN2B 


14 


GND 


5 


OUT2B 


15 


OUT1A 


6 


IN2A 


16 


IN1B 


7 


CAP2A 


17 


CAP1B 


8 


OUT2A 


18 


IN1A 


9 


+v L 


19 


CAP1A 


10 


NC 


20 


TESTB 



4 

5tZJ 
7 

8 ZD 



20-Pad LCC 

(Top View) 
3 2 1 20 19 

■nnw 



vnnnnn/ 

9 10 11 12 13 
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DC Electrical Characteristics 



T A = -55°C to +125°C, ±12V £ Vs £ ±15V, V L = +5V, unless otherwise noted 



Symbol 


Parameter 


Conditions 


Specifications 










MIn 


Typ 


Max 


Units 


V |H 


V(A)-V(B) 


OUTA=1 


6.5 


10 


13 


V 




V(A)-V(B) 


OUTB = 1 


-6.5 


-10 


-13 


V 


v w 


V(A)-V(B) 


OUTAand OUTB = 0 


-2.5 


0 


+2.5 


V 


V 


V(A) and V(B)-GND 


Max common mode 




±5 




V 






frequency = 


= 80 kHz 










R. 


Input resistance, Input A to Input B 




30 


50 




kft 


R H 


Input resistance, Input A to Gnd 




19 


25 






R G 


Input resistance, B to Gnd 




19 


25 




kn 


c, (1,2> 


Input capacitance, A to B 


Filter caps disconnected 




3 


10 


PF 


c H <^> 


Input capacitance, A to Gnd 


Filter caps disconnected 




3 


10 


PF 




Input capacitance B to Gnd 


Filter caps disconnected 




3 


10 


PF 


Test Inputs (Test A, Test B) 


V |H 


Logic 1 input voltage 






2.7 






V 




Logic 0 input voltage 




V(A) = OV 






0.0 


V 




Logic 1 input current 


V jH =2.7V 


V(B) = OV 




5 


15 


HA 




Logic 0 input voltage 


v IL =o.ov 






0.5 


1.0 


liA 


Outputs 


^OH 


I^IOO^A 


T A =25°C 


4.0 


4.3 




V 




1^ = 2.8 mA 


Full temp, range 


3.5 


4.0 




V 


Vol 


Iol = 1 00 joA 


T A =25°C 




0.02 


0.08 


V 




1^=2.0 mA 


Full temp, range 




0.3 


0.8 


V 


Tr 


Rise Time 


C L = 50 pF,T A = 25°C 




40 


70 


ns 


Tf< 6 > 


Fall Time 


C L =50 pFT A = 25°C 




30 


70 


ns 


"^PLH 


Propagation delay 


C L =50 pF,f o =400 kHz 












Output low to high 


Filter caps = 


= 39 pF 




800 




ns 


^PHL 


Output high to low 


T A =25°C 




320 




ns 


Supply Current 


!oc(+ V a> 


Test inputs = OV 


±V S = 15V,T A =15°C 




3.7 


7.0 


mA 






±V S =12V,T A =15°C 




3.0 


6.0 


mA 


'ee(-Vs) 


Test inputs = OV 


±V S = 15V,T A =15°C 




8.7 


15.0 


mA 






±V S = 12V,T A =15°C 




7.4 


14.0 


mA 


U+V L ) 


Test inputs = OV 


±V S = 15V,T A =15°C 




9.0 


20.0 


mA 






±V S = 12V,T A =15°C 




8.6 


18.0 


mA 



Notes: 

1 . With noise filter capacitors disconnected. 

2. Guaranteed by design. 
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Truth Table 



ARINC nputs 


Test Inputs 


Outputs 


Y(A) - V(B) 


TESTA 


TESTB 


OUTA OUTB 


Null 


0 


0 


0 0 


Low 


0 


0 


0 1 


High 


0 


0 


1 0 


V(A) = 0V, V(B) = 0V 


0 


1 


0 1 


V(A) = 0V, V(B) = 0V 


1 


0 


1 0 


V(A) = 0V, V(B) = 0V 


1 


1 


0 0 



Functional Block Diagram 



In 1A 
In 1B 



Cap 1A O 
CaplB O 



ln2A 
In 2B 



+V S 



18 



16 



19 



17 



Test A o-2 



TestB Q 20 



Cap 2A O — - 
Cap2B o— 2- 



-VSAr 



-AMr 



Input 
Protection 
& Level 
Shift 



Test 
Interface 



Input 
Protection 
& Level 
Shift 



7 

-Vs 



+V L 




C1A 




C1B 




t>2A 




C2B 



'i 



14 

Gnd 



15 



O OutIA 



12 



■O OutIB 



i— O Out2A 



-O Out2B 
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Typical Performance Characteristics 



Propagation Delay vs. Temperature 
C L «50pF,C RLTER »39pF 




-35 -10 15 40 65 90 115 140 

Temperature (°C) 



RM3183 



Supply Current vs. Temperature 



o 

a 
a. 

3 
CO 

























V l (Idd ) 














-Vs(Iee) 






* ±1f 

= +5\ 


V 
/ 
































+V 


s(lcc) 























-60 -35 -10 15 40 65 90 115 140 

Temperature (°C) 



Output Voltage Low vs. Output Current Output Voltage High vs. Output Current 
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Propagation Delay 



Rise/Fall Times 



+10V 

ARINC In 
(Differential) OV 



_n_r 



Logic Out 

(A Output) t plh - 




I 

Logic 90% | 
Out 



10% 




I I 
I I 
I I 



I I 
I I 



I I T F 



AC Test Waveforms 



+15V 

o 



0.1 MF 



VrefO- 



-15V 
Q 



0.01 MF : 



+5V 

o 



0.01 hf: 



11 

18 



15 



12 



RM3183 



1111 

" p9pF 39pF 



39pF 



14 



39pF 



X" 

50 pFX 


1 


50 pFX ^ 


JL 
50 pFX 


1 


— ir 

50pFX 


i 



V0UT1 
V0UT2 

VoUT3 
VoUT4 



Notes: 

1 . V, N = 400 kHz square wave, -3.5V to +3.5V. 

2. Set V REF = +3.5 V to test V OU ti and V 0 ut3 . 
Set V REF = -3.5 V to test Vout2 and V 0 ut4 . 

3. 50 pF load capacitance includes probe and wiring 
capacitance. 



AC Test Schematic Diagram 
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Circuit Description 

The RM3183 contains two discrete ARINC 429 receiver 
channels. Each channel contains three main sections: a 
resistor-diode input network, a window comparator, and 
a logic output buffer stage. The first stage provides 
overvoltage protection and biases the signal using 
voltage dividers and current sources which are internally 
connected to the +Vl logic supply. This configuration 
provides excellent input common mode rejection and a 
stable reference voltage for the window comparators. 
Because the threshold for switching is determined by 
this circuitry, 15% tolerance is recommended for the +Vl 
supply. The test inputs will set the outputs to a 
predetermined state for built-in test capability. The 
ARINC inputs must be forced to OV when using the test 
inputs. If the test inputs are not used, they should be 
grounded. 

The window comparator stage generates two serial data 
streams, one having logic 1 states corresponding to 
ARINC "high" states (OUTA), and the other having logic 
1 states corresponding to ARINC "low" states (OUTB). 
An ARINC "null" state at the inputs forces both outputs 
to logic 0. thus, the ARINC clock signal is recovered by 
applying a NOR function to OUTA and OUTB. 

The output stage generates a TTL compatible logic 
output capable of driving several gate inputs. 

Applications Information 

The standard connections for the RM3183 are shown in 
Figure 1 . Dual supplies from ±12 to ±15 VDC are 
recommended for the ±Vs supplies. Decoupling of all 
supplies should be done near the IC to avoid 
propagation of noise spikes due to switching transients. 
The ground connections should be sturdy and isolated 
from large switching currents to provide as quiet a 
ground reference as possible. 



The noise filter capacitors are optional and are added to 
provide extra noise immunity by limiting the noise 
bandwidth of the input signal before it reaches the 
comparator. Two capacitors are required for each 
channel and they must all be the same value. The 
suggested capacitor value for 100 KHz operation is 39 
pF, which will give a noise bandwidth of approximately 
800 KHz. For lower data rates, larger values of 
capacitance may be used to yield better noise 
performance. To get optimum performance, the 
following equation should be used to calculate capacitor 
value for a specific data rate: 

c _ 3.95x10-6 

F 0 

Fo = Data rate, bits/sec 

The RM3183 can be used with the Raytheon RM3182 
Line Driver to provide a complete analog ARINC 429 
interface. A simple application which can be used for 
systems requiring a repeater-type circuit for long 
transmissions or test interfaces is given in Figure 2. 
More RM3182 drivers may be added to test multiple 
ARINC channels, as shown. 

An all digital IC is available which forms a complete 
receiver system when combined with the RM3183. The 
Thomson EF4442 is a four channel ARINC 429 receiver 
IC which contains all the digital circuitry required to 
interface with an 8-bit processor. Each channel consists 
of a 32-bit register, an 8-bit status word comparator, and 
a 24-bit latch. A multiplexer and 8-bit data bus buffer 
form the interface to the system microprocessor. Figure 
3 shows a typical ARINC application having both 
transmit and receive functions using four ICs: the 
RF4442, plus the RM3182 driver and two RM3183 dual 
receivers. Fore more information on the EF4442, 
contact Thomson Military Semiconductors at (714) 957- 
6018. 
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Typical Applications 



ARINC 
Channel 
1 



rax 



ARINC 
Channel 
2 



DOC 




-15 V 



Figure 1. ARINC Receiver Standard Connections 



Channel 1 
Data Out 
To Logic 



Channel 2 
Data Out 
To Logic 



ARINC 
Test 

Channel 
Input 




Test 
Channel 
1 



Test 
Channel 
2 



To Additional 
Channels 



Figure 2. Repeater Circuit 
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ARINC 
Channel 
3 




RM3183 
In 2A Out 2A 
ln2B 0ut2B 



To+5V 



+5V 
□ 



Voc Vss Mode 



+15V 



HO 
LO 



H1 
L1 



N1 
NO 



EF4442 
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RM3283 

Dual ARINC 429 Line Receiver 



Description 

The RM3283 consists of two analog ARINC 429 
receivers which take differentially encoded ARINC level 
data and convert it to serial TTL level data. The RM3283 
provides two complete analog ARINC receivers and no 
external components are required. 

Input level shifting thin film resistors and bipolar 
technology allow ARINC input voltage transients up to 
±100V without damage to the RM3283. 

Each channel is identical, featuring symmetrical 
propagation delays for better high speed performance. 
Input common mode rejection is excellent and threshold 
voltage is stable, independent of supply voltage. Data 
outputs are TTL and CMOS compatible. 

Two TTL compatible test inputs used to test the ARINC 
channels are available. They can be used to override the 
ARINC input data and set the channel outputs to a known 
state. 

The Raytheon RM3182/RM3182A line driver is the 
companion chip to the RM3283 line receiver. Together 
they provide the analog functions needed for the ARINC 
429 interface. Digital data processing involving serial-to- 
parallel conversion and clock recovery can be 
accomplished using one of the ARINC interface IC's 
available or by an equivalent gate array implementation. 



Features 

♦ Two separate analog receiver channels 

♦ Converts ARINC 429 levels to serial data 

♦ Built-in TTL compatible complete channel test inputs 

♦ TTL and CMOS compatible outputs 

♦ Low power dissipation 

♦ Internal bandgap 

♦ Short circuit protected 

♦ MIL-STD-883B screening available for ceramic 
packages 

♦ Available in 20-lead ceramic DIP, 20-pad 
LCC,and20-leadSOL 
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Absolute Maximum Ratings 

Supply Voltage (Vcc to Vee) +36V 

VLOGIC Voltage +7V 

Logic Input Voltage -0.3V to V|_(X3IC +0.3V 

Temperature Range 

Storage -65°Cto+150°C 

Operating -55°C to +125°C 

Junction Temperature -55°C to +175°C 

Lead Soldering Temperature 

(60 sec., DIP.LCC) +300°C 

(10 sec., SOL) +260°C 



Ordering Information 







Operating 


Part Number 


Package 


Temperature 






Range 


RV3283M 


M 


-40°Cto + 85°C 


RM3283D 


D 


-55°Cto+125°C 


RM3283L 


L 


-55°Ct0+125°C 



Notes: 

D * 20-Iead ceramic DIP 
L-20-padLCC 

M - 20-lead SOL (Wide Body SOIC) 



Thermal Characteristics (Still air, soldered on a PC board) 





20-Pad 


20-Lead 


20-Lead 


Parameter 


LCC 


CDIP 


SOL 


Max Junction Temp. 


175°C 


175°C 


125°C 


Therm. Res. Gja 


85°C/W 


70°C/W 


85°C/W 


Therm. Res. Gjc 


20°C/W(1) 


28°C/W(1) 


30°C/W 



Notes: 

1. MIL-STD-1835 



Connection Information 
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Pin 


Function 


1 


-Vs 


2 


TestA 


3 


Cap2B 


4 


ln2B 


5 


Out2B 


6 


ln2A 


7 


Cap2A 


8 


Out2A 


9 


+v L 


10 


NC 


11 


+Vs 


12 


OutIB 


13 


NC 


14 


Gnd 


15 


OutIA 


16 


ln1B 


17 


CaplB 


18 


ln1A 


19 


C1A 


20 


TestB 
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DC Electrical Characteristics 



Ta = -55°C to +125°C, ±12V < Vs <:±15V, Vl = +5V, unless otherwise noted 



Symbol 


Parameter 


Conditions 


Soeclficat 


ons 






Min 


Typ 


Max 


Units 




Test inputs = OV 






4.3 


6.0 


mA 


Iee(- V s> 


Test inputs = OV 






10.1 


12.0 


mA 


UV L ) 


Test inputs = 5V 






14.0 


17.5 


mA 


V> 


V(A)-V(B) 


Low threshold 


4.7 


5.0 


5.3 


V 


V TH <2) 


V(A)-V(B) 


High threshold 


5.7 


6.0 


6.3 


V 




V(A)-V(B) 


OUTAand OUTB = 0 


-2.5 


0 


2.5 


V 


V 3 ' 


V(A) and V(B)-GND 


Max common mode 
frequency = 80 kHz 




±5 




V 




Input resistance, Input A to Input B 




35 


50 




vn 




Input resistance, Input A to Gnd 




20 


25 




vn 




Input resistance, B to Gnd 


Filter caps disconnected 


20 


25 




vn 




Input capacitance, A to B 








10 


PF 




Input capacitance, A to Gnd 


Filter caps disconnected 






10 


PF 




Input capacitance B to Gnd 


Filter caps disconnected 






10 


pF 


Test Inputs (Test A, Test B) 


V IH 


Logic 1 input voltage 




2.7 






V 


V 


Logic 0 input voltage 




0 




0.8 


V 


l,H 


Logic 1 input current 


V 1H =5V 




120 


300 


HA 


'■L 


Logic 0 input voltage 


V IL =0.8V 




15 


40 


\iA 


Outputs 


V 

v OH 


I^IOOnA 


T A =25°C 


4.0 


4.3 




V 




1^=2.8 mA 


Full temp, range 


3.5 


4.0 




V 


Vol 


I^IOOnA 


T A = 25°C 




0.02 


0.1 


V 




1^= 2.0 mA 


Full temp, range 




0 


0.8 


V 


Tr<6) 


Rise Time 


C L = 50 pF@25°C 




50 


70 


ns 


Tf(6) 


Fall Time 


C L = 50 pF@25°C 




40 


70 


ns 


^PLH 


Propagation delay 


C L =50 pF,f=400 kHz 












Output low to high 


Filter caps = 0 pF 




700 




ns 


^PHL 


Output high to low 


T A = 25°C 




700 




ns 



Notes 

1. As stated in ARINC429 

2. Vj refers to the threshold voltage at which the channels output switches from low to high or from high to low 

3. Common mode voltage present at both ARINC inputs 

4. Guaranteed by design 

5. Test inputs should be connected to ground if not used 

6. Sample tested 
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Typical Performance Curves 



Propagation Delay vs. Temperature 
C L =50pF,C HL1HI = 0pF 
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Propagation Delay 



Rise/Fall Times 



+10V 
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(A Output) T PI 



_n_r 
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AC Test Waveforms 



+15V 

o 
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Notes: 

1 . V IN = 400 kHz square wave, -3.5V to +3.5V. 

2. Set V REF = +3.5 V to test Vquti and Vout3 • 
Set V REF s -3.5 V to test Voura and Vout4 . 

3. 50 pF load capacitance includes probe and wiring 
capacitance. 



AC Test Schematic Diagram 
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RM3283 Test Input Truth Table 



ARINC Inputs 


Test Inputs 


Outputs 


Output 


V(A)-V(B) 


TESTA 


TESTB 


OUTA 


OUTB 


State 


Null 


0 


0 


0 


0 


Null 


Low 


0 


0 


0 


1 


Low 


High 


0 


0 


1 


0 


High 


X 


0 


1 


0 


1 


Low 


X 


1 


0 


1 


0 


High 


X 


1 


1 


0 


0 


Null 



Functional Block Diagram 
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Circuit Description 

The RM3283 contains two discrete ARINC 429 receiver 
channels. Each channel contains three main sections: a 
resistor input network, a window comparator, and a logic 
output buffer stage. The first stage provides overvoltage 
protection and biases the signal using voltage dividers 
and current sources, providing excellent input common 
mode rejection. The test inputs are provided to set the 
outputs to a predetermined state for built-in channel test 
capability. If the test inputs are not used, they should be 
grounded. 

The window comparator section detects data from the 
resistor input network. A Logic 1 corresponds to ARINC 
"high" state (OUTA) and a Logic 0, to ARINC "low" state 
(OUTB). An ARINC "null" state at the inputs forces both 
outputs to Logic 0. Threshold and hysteresis voltages are 
generated by a bandgap voltage reference to maintain 
stable switching characteristics over temperature and 
power supply variations. 

The output stage generates a TTL compatible logic 
output capable of driving 3 mA of load. 

Applications Information 

The standard connections for the RM3283 are shown in 
Figure 1 . Dual supplies from ±12 to ±15 VDC are 
recommended for the ±V S supplies. Decoupling of all 
supplies should be done near the IC to avoid propagation 
of noise spikes due to switching transients. The ground 
connection should be sturdy and isolated from large 
switching currents to provide as quiet a ground reference 
as possible. 

The noise filter capacitors are optional and are added to 
provide extra noise immunity by limiting bandwidth of the 
input signal before it reaches the window comparator 
stage. Two capacitors are required for each channel and 
they must all be the same value. The suggested 
capacitor value for 100 kHz operation is 39 pF. For lower 
data rates, larger values of capacitance may be used to 
yield better noise performance. To get optimum 
performance, the following equation can be used to 
calculate capacitor value for a specific date rate: 



Crlter = 3,95x10 6 
F 0 

Where: 

Crlter is the capacitor value in pF 

Fo is the input frequency 1 0 kHz <, Fq ^ 1 50 kHz. 

The RM3283 can be used with the Raytheon 
RM3182/RM3182A line driver to provide a complete 
analog ARINC 429 interface. A simple application 
which can be used for systems requiring a repeater- 
type circuit for long transmissions is given in Figure 2. 
More RM3182 drivers may be added to test multiple 
ARINC channels, as shown. 



o 
'c 
o 
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Typical Applications 
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Figure 1. ARINC Receiver Standard Connection 
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Figure 3. Four-Channel ARINC Receiver Circuit 
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Section 2 — Application Specific Standard Products 



Communications 




The RCC700 is a high speed transmitter, receiver 
(transceiver) for serial fiber optic or copper communica- 
tions. It can operate at data rates of 194.40, 200.00, 
265.625 Mbaud. this device together with circuitry 
driving a coax or a fiber optic line, forms the complete 
physical layer of a communication system and as such 
is fully compliant with the Fiber Channel Physical Layer 
Standard (FC-PH), Enterprise Systems Connection 
Architecture (ESCON) and Serial Storage Architecture 
(SSA). The device can also be used as the physical 
transport for an Asynchronous Transport Mode LAN, 
operating at 194.4 Mbaud. The RCC700 integrates a 
complete phase-locked loop clock recovery and data 
retiming/generation subsystem, a phase-locked loop 
clock synthesizer, a 10:1 MUX and a 1:10 DeMUX, and 
an 8B/10B encoder/decoder. The device is implemented 
in a submicron CMOS process which offers the possibil- 
ity of back integrating the protocol circuitry for the 
network as well. 



The RCC521 is a Synchronizer/Framer that will find its 
applications primarily in a Synchronous Optical Network 
(SONET) and ATM 155.52 Mb/s physical transport. 
SONET is an international, digital standard for fiber optic 
communications and is expected to become the trans- 
port backbone of the broadband network of the future. It 
defines a multiplexing hierarchy that starts with a data 
rate of 51 .84 Mb/s (OC1 ) and goes to 2488.2 Mb/s 
(OC48) in multiples of OC1. The RCC521 provides the 
frame recognition and synchronization functions re- 
quired of a SONET line interface at 155.52 Mb/s (OC3). 
The device has on chip phase-locked loops for clock 
generation and clock and data recovery. It provides 
frame recognition, byte alignment, scrambling/ 
descrambling, bit interleaved parity generation/checking 
and alarm generation in accordance with CCITT and 
ANSI standards. The device also satisfies the require- 
ments in Bellcore TR-NWT-000253. 
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RCC700 

ATM/ESCONTM/Fibre Channel/SSA™ Transceiver 

200 or 265.625 Megabaud 



Description 

The RCC700 is a monolithic transmitter/receiver IC 
integrating a complete phase-locked loop clock recovery 
and data retiming/regeneration subsystem, a phase 
locked loop clock synthesizer, a 10:1 Mux, a 1:10 
Demux, an 8b/1 Ob Encoder and a 10b/8b Decoder. It 
operates with a single +5V power supply. The RCC700 
provides a complete physical interface in compliance 
with the Fibre Channel Physical Layer Standard (FC- 
PH), Enterprise Systems Connection Architecture 
(ESCON) and Serial Storage Architecture (SSA) 
specifications. It can also be used for the transport of 
Asynchronous Transfer Mode (ATM) LAN operating at 
194.4 Mbaud (155.52 Mb/s OC-3 data rate with 8b/10b 
overhead). 

The RCC operates at 194.4/200 Megabaud when FS is 
at a level high and at 265.625 Megabaud when FS is 
low (i.e. Gnd). 



Features 

♦ 200 or 265.625 Megabaud data rates 

♦ Compliant with the Fibre Channel and ESCON 
standards 

♦ PLL clock and data recovery 

♦ Clock synthesizer 

♦ On-chip lock detect circuitry 

♦ 8b/10b Encode/Decode 

♦ Parity generate/check 

♦ Low power dissipation: 600 mW (typ) @ 200 Mbaud 

♦ Byte sync on K28:1 , K28.5 or K28.7 

♦ Single power supply: +5V 

♦ TTL compatible parallel data inputs/outputs 

♦ PECL compatible serial data inputs/outputs 

♦ Available in 68-pin PLCC and 64-pin PQFP 

Applications 

♦ Fibre Channel, ESCON, and SSA transceiver 

♦ ATM transceiver 

♦ High-speed fiber optics or coax links 

♦ High-resolution graphic display terminal 

♦ High-speed test equipment 

♦ Video data transmission 
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Ordering Information 







Operating 


Part Number 


Package 


Temperature 






Range 


RCC700 PL 


PL 


0°C to +70°C 


RCC700PQ 


PQ 


0°C to +70°C 



Notes: 

PL s 68-Pin PLCC package 
PQ = 64-Pin PQFP package 



Recommended Operating Conditions 



Absolute Maximum Ratingsi 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to +150°C 

Junction Temperature Range -55°C to +150°C 

Lead Temperature Range (Soldering 10 sec.) 300°C 

Positive Power Supply, Vqc 0 to 6V 

Voltage Applied to Any TTL Inputs -1 to 6V 

Voltage Applied to Any PECL Inputs -1 to 6V 

Voltage Applied to Any CMOS Outputs -1 to 6V 

Voltage Applied to Any PECL Outputs -1 to 6V 

Current from Any CMOS Outputs -50 to 50 mA 

Current from Any PECL Outputs -50 to 50 mA 

Voltage Applied to Vref Output Voltage -1 to +6V 

Notes: 

1 . "Absolute Maximum Ratings" are those beyond which the 
safety of the device cannot be guaranteed. They are not meant 
to imply that the device should be operated at these limits. If 
the device is subjected to the limits in the absolute maximum 
ratings for extended periods, its reliability may be impaired. 
The tables of Electrical Characteristics provide conditions for 
actual device operation. 



Symbol 


Parameters 


Min 


Typ 


Max 


Units 




Ambient operating temperature 


0 




70 


°C 


Vcc 


Positive supply voltage (DVCC and AVCC) 


4.75 


5.0 


5.25 


V 


R, 


PECL differential load resistance » 


80 


100 


150 


n 



Notes 

2. Differential load resistance of 100Q equals connection of 50Q to AC ground on each of DOUT, DOUT. 
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RCC700 



64-Pln PQFP Package 
(Top View) 
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Note: Contact factory for 64-pin PQFP dimensions 



Pin 


Function 


Pin 


Function 


Dim 

Pin 


Function 


1 


D02 


23 


DM 


AC 

45 


crtiM 
bUIN 


2 


D01 


24 


DIO 


AC 

46 


bU IN 


3 


DOO 


25 


NC 


AT 

4/ 


rl 


4 


DVCC 


26 


TBC 


AQ 


rIN 


5 


DVCC 


27 


DVCC 


An 
49 


rro 

ro 


6 


DGND 


28 


DOL 


CO 

50 


LD 


7 


DGND 


29 


DGND 


51 


SYNCEN 


8 


POUT 


30 


DVCC 


CO 

52 


doYNC 


9 


KOUT 


31 


DOL 


CO 

53 


DVCC 


10 


EF 


32 


DGND 


54 


DVCC 


11 


RBC 


33 


DOUT 


55 


DVCC 


12 


PE 


34 


DOUT 


56 


DGND 


13 


NC 


35 


LSEL 


57 


DGND 


14 


PIN 


36 


AVGND 


58 


DGND 


15 


PIN 


37 


AVCC 


CO 

59 


r\ ATT 

D07 


16 


ETX 


38 


AVCC 


60 


D06 


17 


DI7 


39 


AGND 


61 


D05 


18 


DI6 


40 


AGND 


62 


D04 


19 


DI5 


41 


AVCC 


63 


D03 


20 


DI4 


42 


AVCC 


64 


DGND 


21 


DI3 


43 


AGND 






22 


DI2 


44 


SDOUT 







68-P!n PLCC Package 
(Top View) 
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Pin 


Function 


Pin 


Function 


Pin 


Function 


1 


DGND 


24 


PIN 


47 


LSEL 


2 


DGND 


25 


KIN 


48 


AGND 


3 


DGND 


26 


ETX 


49 


AVCC 


4 


D07 


27 


NC 


50 


AVCC 


5 


D06 


28 


DI7 


51 


AGND 


6 


D05 


29 


DI6 


52 


AGND 


7 


D04 


30 


DI5 


53 


AVCC 


8 


D03 


31 


DI4 


54 


AVCC 


9 


NC 


32 


DI3 


55 


AGND 


10 


NC 


33 


DI2 


56 


SDOUT 


11 


D02 


34 


DM 


57 


SDIN 


12 


D01 


35 


DIO 


58 


SDIN 


13 


DOO 


36 


GND 


59 


DIN 


14 


DVCC 


37 


TBC 


60 


DIN 


15 


DVCC 


38 


DVCC 


61 


NC 


16 


DGND 


39 


RST 


62 


FS 


17 


DGND 


40 


DGND 


63 


LD 


18 


POUT 


41 


DVCC 


64 


SYNCEN 


19 


KOUT 


42 


DOL 


65 


BSYNC 


20 


EF 


43 


NC 


66 


DVCC 


21 


RBC 


44 


DOUT 


67 


DVCC 


22 


PE 


45 


DOUT 


68 


DVCC 


23 


NC 


46 


VREF 







For More Information, call 1-800-722-7074. 



Raytheon Semiconductor 



2-375 



RCC700 



Pin Definitions 

Name Function 

DVCC Positive supply for digital circuitry. The nominal 
value is 5V ±5%. VCC should be bypassed to 
the ground plane with a 10,000 pF chip 
capacitor placed as close to the pin as pos- 
sible. 

AVCC Positive supply for analog circuitry. The 
nominal value is 5V ±5%. VCC should be 
bypassed to the ground plane with a 10,000 
pF chip capacitor placed as close to the pin as 
possible. 

DGND Chip ground for digital circuitry. DGND should 
be connected to the printed circuit board's 
ground plane at the pins. 

AGND Chip ground for analog circuitry. AGND pins 
should be connected to the printed circuit 
board's ground plane at the pins. 

DI0-DI7 Transmitter input data (TTL levels). 

TBC Transmit Byte Clock (TTL levels). Input 

reference frequency for the internal high speed 
clock generator: 20 MHz or 26.5625 MHz. 

KIN K character indicator input (TTL levels). 

PIN Odd parity input (TTL levels). 

PE Parity Error indicator output (TTL levels). PE 
will stay low when the on-chip calculated odd 
parity matches the incoming parity PIN. If 
there is a parity error, the PE flag is raised to a 
level high. 

DOUT Transmitter differential output data (PECL 
DOUT levels). The output is a current mode driver 
with a nominal current driver of 12 mA. To 
generate a 1 . 2V swing , use a 1 00Q resistor 
across DOUT, DOUT. 

DOL Data Output Low controls inputs (TTL levels). 
When high, it forces the outputio a logic low 
state (DOUT = LOW and DOUT = HIGH) to 
protect the fiber optic source. Connect to GND 
or leave open when not used. 

VREF Data output threshold reference to provide 
ease of interfacing to a single-ended input. 

LSEL (TTL levels) Internal differential loopback for 
"on-board" diagnostic of the device. When 
loop select (LSEL) is high, the receiver 
accepts the output data from the transmitter 



section (DOUT/DOUT). When LESL is low, 
i.e., tied to GND, the receiver accepts the 
incoming input data (DIN/DIN). Connect to 
— GND or leave open when not used. 

DIN/DIN Receiver differential input data (PECL levels). 

SYNCEN Byte Synchronization Enable (TTL levels). 
When SYNCEN is high, the RCC700 will 
automatically resynchronize the demultiplexer 
to byte align with the received K28.1 , K28.5 or 
K28.7 for both negative and positive running 
disparities (RD- and RD+). Connect to GND or 
leave open when not used. 

BSYNC Byte Synchronized output flag (CMOS levels). 
BYSNC goes to a HIGH level for one byte 
clock when SYNCEN is high and the RCC700 
detects and resynchronizes on K28.1, K28.5 
or K28.7. 

SDIN, PECL input of the PECL to CMOS converter 
SDIN for the signal detect flag of the fiber optics 

receiver module. Leave open when not used. 

SDOUT CMOS output of the PECL to CMOS converter 
for the signal detect flag of the fiber optics 
receiver module. 

DO0...7 Receiver output data (CMOS levels). 

KOUT K character indicator output (CMOS level). 

POUT Odd parity output (CMOS level). POUT is high 
when the parity of the DO0/D07 byte is odd. 

RBC Receive Byte Clock (CMOS levels): 20 MHz or 
26.5625 MHz. 

LD Lock Detect output flag (CMOS levels). It is 
HIGH on powerup. It goes LOW on loss of 
lock. It remains LOW for 50 jos and cycles 
HIGH/LOW for every 50 jos until lock is 
established. In the locked state, LD remains 
HIGH. 

EF Error Flat output (CMOS levels). EF goes high 
to flag running disparity and coding violations 
detected during the 10B/8B decoding. 

FS Frequency Select (CMOS levels). The 

RCC700 operates at 200 Mb/s when FS is at a 
level high and at 265.625 Mb/s when FS is low 
(i.e., GND). 

RST Asynchronous Chip reset input. Chip is reset 
when RST is brought to a level high (CMOS 
levels). 
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DC Electrical Characteristics 



Vcc = 5V J5%, GND = OV unless otherswise indicated) 



Symbol 


Parameters 


Test Conditions 


Min 


lyp- 


Max 


Units 




Transmitter Section 












Vih 


TTL Input Voltage High 




2.0 




+5.5 


V 


Vil 


TTL Input Voltage Low 




0 




0.8 


V 


lin 


TTL Input Current 




-1 


±0.1 


1 


HA 


Ci 


Input Capacitance 






3 


10 


PF 


Vohp 


PECL Output Voltage High 


Rdiff = 100O 


4.1 


4.3 


4.5 


V 


Volp 


PECL Output Voltage Low 


Rdiff =100fl 


2.9 


3.1 


3.3 


V 


lo 


PECL Output Current 






12 




mA 


VREF 


Output Threshold Reference 




.45 (Vohp+Volp) 




.55 (Vhp +volp) 


V 


IREF 


VREF Output Current 




1 






mA 




Receiver Section 












Vih 


TTL Input Voltag High 




2.0 




+5.5 


V 


Vil 


TTL Input Voltage Low 




0 




0.8 


V 


lin 


TTL Input Current 




-1 




1 


ma 


Vcm 


Com. Mode Range (DIN, DIN) 




2 




5 




Vdiff 


Diff. Input Voltge (DIN, DIN) 




0.2 




5.5 


V 


lip 


PECL Input Current 




-100 






1 


MA 














Vohc 


CMOS Output Voltge High 




3.5 




VCC 


V 


Vole 


CMOS Output Voltage Low 




0 




0.5 


V 


lolc 


Output Current 




1 






mA 


ICC 


Supply Current (200 Mb) 






120 




mA 




(265 Mb) 






140 




mA 


PD 


Power Dissipation (200 Mb) 


Note 3 




600 




mW 




(265 Mb) 






700 




mW 



Notes: 

3. Under both transmit and receive output switching conditions. 
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AC Electrical Characteristics 



(Vcc = 5V ±5%, GND = OV unless otherwise indicated) 



Symbol 


Parameters 


Test Conditions 


MIn 


lyp 


Max 


Units 




Transmitter Section 












Fref 


Input Clock reference frequency 


FS = 0(GND) 
FS = 1 




26.5625 
20 




MHz 
MHz 


tacq 


Acquisition time 


Note 2 






1 


ms 


tids 


DIN0..7, KIN, PIN valid to TBC t setup 




4 






ns 


tidh 


TBChoDIN0..7, KIN invalid hold 




4 






ns 


Fout 


Output data rate 


FS = 0(GND) 
FS = 1 




265.625 
200 




Mb/s 
Mb/s 


tr.tf 


DOUT, DOUT rise and fall times 


20% to 80% points 






500 


ps 


trj 


DOUT, DOUT pk-pk random jitter 


Note 3 




300 




ps 


tdj 


DOUT, DOUT pk-pk deterministic jitter 


Note 4 




100 




ps 




Receiver Section 












fee 


Input data rate variation 








±1000 


ppm 


D 


Input data transition density to 
acquire and maintain lock 




0.2 








tacq 


Loop acquisition time for 10E-12 BER 








2500 


bits 


fc 


Loop capture range 




±1000 






ppm 


tri, tfi 


DIN, DIN input rise and fall time 


20% to 80% points 






1 


ns 


ti 


DIN, DIN input peak to peak jitter 


Note 5 






0.07T 


ns 


tH 


RBC pulse width high 




0.45T 


0.5T 


0.55T 


ns 


tL 


RBC pulse width low 




0.45T 


0.5T 


0.55T 


ns 


tld1 


LD assert delay 






60 




ps 


t!d2 


LD pulse width 






50 




MS 


tod 


RBCt to DO0..7, KOUT, POUT delay 














200 Mbaud 




20 




35 


ns 




265.5625 Mbaud 




13.8 




23.8 


ns 


T 


RBC period 


FS = 0 




37.7 




ns 


f 




FS = 1 




50.0 




ns 



Notes: 

1 . Test conditions (unless otherwise indicated): PECL input rise and fall times £2 ns, RLOAD * 1 00ft across DOUT, DOUT VBB ■ 3.7V; TTL 
input rise and fall times <15 ns. Receiver input data rate = 200 or 256.625 Mb/s ±1000 ppm; transition density >0.25. 

2. Acqusition time is the time to establish lock once the device is pwoered up to the operating VCC range. 

3. Input test patter K28.7. Jitter measured at 50% amplitude, for a BER of 1 0E-1 2. 

4. Input test pattern K28.5. Jitter measured at 50% amplitude. 

5. Guaranteed by design. 
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Transmitter Section 

The RCC700 transmitter section includes a phase- 
locked loop synthesizer, an 8B/10B encoder, an input 
parity checker and a 10:1 multiplexer. The RCC700 
accepts a CMOS data byte (DI0-DI7) along with the K 
character indicator (KIN) and parity bit (PIN). 

The Parity Check circuitry calculates the odd parity of 
the input data byte and compares it with PIN. If the 
calculated parity differs from PIN, the transmitter flags 
the error by bringing the parity error bit, PE, to a HIGH 
level. For example, for DI0-DI7 = 00000101 , PIN should 
be 1 . If PIN is not equal to 1 , PE = 1 . 

The RCC700 transmitter section encodes the CMOS 
input data byte DI0 to DI7) into a 1 0-bit word using IBM's 
8B/1 0B coding (see Table 1 ) The encoded word is then 
convert ed to a serial high speed data stream (DOUT/ 
DOUT) at 200 or 265.625 Mbauds via a 1 0:1 Time 
Division Mux. The serial data stream (DOUT/DOUT) is 
transmitted at PECL levels (positive shifted ECL levels, 
Vth = +3.7V). in 68-pin PLCC package, a data output 
threshold reference, VREF, is provided for ease of 
interfacing to single-ended inputs. However, differential 
connections are recommended. 



The RCC700 features a Data Output Low function 
(DOL) that can force the data output (DOUT) to LOW for 
protection of the fiber optic module transmitter diode. 
DOL is controlled by the Protocol IC or the fiber optic 
transmitter module. The RCC700 also incorporates an 
Error Transmit input (ETX). The RCC700 sends a 
violating code when ETX is brought to a logic HIGH. If 
ETX stays HIGH for more than one word clock cycle, the 
transmitter will send error bytes of alternate running 
disparities in order to maintain the DC balance of the 
line (1001 11 1011 or 01 1000 01 00). 

The 200 or 265.625 MHz clock used for the serial 
stream is generated using a PLL clock generator which 
multiplies the input frequency, 20 or 26.5625 MHz, by a 
factor of 10. A Frequency Select pin (FS) is used to set 
the VCO center frequency. The VCO is set for 200 MHz 
operation when FS is at a CMOS logic HIGH and 
2675.625 MHz when FS is at a CMOS logic LOW. The 
input clock reference for the PLL clock generator, 
Transmit Byte Clock (TBC), typically comes from a 
crystal oscillator or from the system. 



fs >- 



tbc 



etx >- 



kin >- 

DI0-DI7 m 

PIN >- 



PE + 
DOL >- 
LSEL >~ 

LD 
RBC «*• 



RST>- 
EF «*- 

KOUT 

DO0-DO7 ^ 

POUT-«- 

BSYNC ««- 
SYNCEN >- 



High Speed 
Clock Generator 



mw^ 8B/10B 

f Encoder 

Parity 
Check 

r 



10:1 
Time 
Division 
MUX 



'VREF 

" POUT 
'DOUT 



o 








c 








Dut Buffe 




Parity 
Gen. 













Disparity/ 

Code |4| | |- ' j f 

Violation I | r ~i \ ! , , 

Check I I Byte 

!■ n Tlme Alignment 

i 1 Division 

J I DEMUX I CrCUIt 

8B/10B I I T? 

Decoder r~j^ 



Clock & 

Data 
Recovery 

Data Clk 



- DIN 
-DIN 



1:10 
Time 
Division 
DEMUX 



PECL to CMOS 
Converter 



-C SDIN 
"^SDIN 



~ I 1 

AVCC AGND 



i I 

DVCC DGND 



SDOUT 
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Receiver Section 

The RCC700 receiver section includes a complete 
phase-locked loop clock recovery and data retiming/ 
regeneration subsystem, a byte alignment circuit, a 1:10 
demultiplexer, an 8B/10B decoder, a disparity/code 
violation checker and a parity generator. The RCC700 
accepts a differential PECL (positive shifted ECL levels, 
VH = 3.7V) data stream (DIN/DIN) at 200 Mbauds or 
265.625 Mbauds, recovers the clock and regenerates 
the encoded serial data. The recovered encoded data is 
then converted to 10 parallel data lines via 1:10 time 
division demultiplexer and decoded into an -bit byte via 
the 8B/10B decoder. K Command characters are also 
detected and indicated by bringing the KOUT pin to a 
HIGH level. The odd parity of the output 8-bit byte (DO0- 
D07) is calculated and available at pin POUT. For 
example, for DO0-DO7 = 00000101 , POUT should be 1 . 
The RCC700 also generates a Receive Byte Clock 
(RBC) for driving the CMOS protocol layer IC. All the 
outputs to the protocol layer IC are at CMOS levels. 

Running disparity and coding is checked during the 10B/ 
8B decoding and violations are flagged by bringing the 
Error Flag (EF) to a HIGH level. If consecutive bytes 
have more 1s or more 0s, or if running disparity is 
different from expected for the received code, or the 
transmission character s not part of Table 1 , EF goes 
HIGH. If 100111 1011 or 01 1000 0100 is received, 
EF=1, KOUT=1, DO0-DO7=00000000. 

The RCC700 contains a byte synchronization circuitry. 
When enabled (SYNCEN high), the RCC700 will 
automatically resynchronize the demultiplexer to align 
with the leading seven bits (001 1111 or 1 1 000 00) of 
the transmission character, corresponding to reception 
ofK28.1,K28.5orK28.7). 

SYNCEN pin gives the protocol layer IC the flexibility to 
request the RCC700 to align only when required, e.g. at 
power up or after loss of word synchronization. 

The RCC700 also incorporates a Lock Detect (LD) 
output to alert the protocol layer circuit when the incom- 
ing data is phase-locked to the VCO frequency. The LD 
output is normally HIGH on powerup. In the event of 
loss of lock, the lock detect (LD) flag changes to a LOW 
state and stays LOW for about 50 us. It then cycles 
HIGH and LOW approximately every 50 ps until the 
Clock and Data Recover circuit is phase-locked to the 
incoming data. In the locked state, LD remains HIGH. 
The RCC700 also incorporates a PECL to CMOS 
converter to translate the PECLjDiitput signal from an 



optical receiver module SDIN/SDIN to a CMOS output 
signal. This allows for direct interfacing with the CMOS 
protocol layer circuit. SDIN is active high. Therefore, 
SDOUT will be at a CMOS level high when an optical 
signal is present at the input of the fiber optics receiver 
module. 

Loopback Test Mode 

The RCC700 features an internal differential loopback 
for M on-board M diagnostic of the device. WhenJoop 
select (LSEL) is high, the receiver accepts the output 
data from the transmitter section (DOUT/DOUT). When 
LSEL is low, i.e., tied to GND, the receiver accepts the 
incoming input data (DIN/DIN). 

Use of Table 1 for Encoding/Decoding 

The following information describes how Table 1 can be 
used for generating valid transmission characters 
(encoding) and checking the validity of received 
transmission characters (decoding). 

The transmission character s labelled "abckefghj." The 
transmission order is a,b,c,...j in that order. HGFEDCBA 
corresponds to the data inputs DI7...DI0 in that order. In 
the table, each valid data byte and special code byte 
has two columns representing two transmission charac- 
ters. The two columns correspond to the current value of 
the running disparity (CURRENT RD- or CURRENT 
RD+). Running disparity is a binary parameter with 
either the value + or -. 

The transmitter calculates the new running disparity 
based on the contents of the transmitted character. 
Similarly, the receiver calculates the new running 
disparity based on the contents of the received charac- 
ter. 

The first 6 bits of the character, "abcdei," form one sub- 
block and "fghj" form another sub-block for computing 
running disparity. Running disparity (CURRENT RD+ or 
CURRENT RD-) at the beginning of the six-bit sub-block 
is the running disparity at the end of the last transmis- 
sion character. Running disparity at the beginning of the 
four-bit sub-block is the running disparity at the end of 
the six-bit sub-block. Running disparity at the end of the 
transmission character is the running disparity at the 
end of the four-bit sub-block. 

Running disparity at the end of sub-block is positive, if it 
contains more 1s than 0s. It is also positive if it is 001 1 1 
for the six-bit sub-block and 001 1 for the four-bit sub- 
block. Otherwise, the running disparity is the same as at 
the beginning of the sub-block. 

CURRENT RD is used to select the transmission 
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character for the data byte or special code. 

While decoding the received character, the column 
corresponding to the current value of the receiver's 
running disparity shall be searched for the received 
transmission character. If the received transmission 
character is found in the proper column, the transmis- 
sion character is considered valid and the associated 
data or special code byte decoded. Otherwise, the 
character is considered invalid and EF pin is held HIGH 
for that byte. Independent of the transmission 
character's validity, the received transmission character 
shall be used to calculate a new value of running 



disparity. 

Detection of a code violation (EF=HIGH), does not 
necessarily indicate that the transmission character in 
which the code violation was detected is inerror. Code 
violation may occur due to the prior error which altered 
the running disparity of the bit stream, but it did not 
result in a detectable error at the transmission character 
in which it occurred. An example of an error scenario 
where the error is flagged after it happens is shown in 
the figure below. 





RD 


Character 


RD 


Character 


RD 


Character 


RD 


Transmitted character stream 




D21.1 




D10.2 




D23.5 


+ 


Transmitted bit stream 




1010101001 




010101 0101 




1110101010 


+ 


Bit stream after error 




1010101011 


+ 


010101 0101 


+ 


1110101010 


+ 


Decoded character stream 




D21.0 


+ 


D10.2 


+ 


Error 


+ 



Block Diagram 




DIN 
"DIN 

■SDIN 
■SDIN 



i rr~r 

GND VCC FS SDOUT 
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Table 1. 8B/10B Encoding 



DATA 3 

BYTE 

NAME 


HGF 


BITS 

EDCBA 1 


CURRENT RD- 


CURRENT RD+ 


abcdei 




abcdei 


w 2 


DO.O 


000 


00000 


1 00 1 1 1 


0100 


A 1 1 AAA 
01 1000 


101 1 


D1 .0 


000 


00001 


01 1 101 


0100 


A AAA 4 A 

100010 


101 1 


D2.0 


000 


00010 


101 101 


0100 


A A AA4 A 

010010 


101 1 


D3.0 


000 


0001 1 


1 10001 


101 1 


1 10001 


0100 


D4.0 


000 


00100 


1 10101 


0100 


001010 


101 1 


D5.0 


000 


00101 


101001 


101 1 


101001 


0100 


D6.0 


000 


001 10 


01 1001 


101 1 


01 1001 


0100 


D7.0 


000 


001 1 1 


1 1 1000 


101 1 


0001 1 1 


0100 


D8.0 


000 


01000 


1 1 1001 


0100 


AAA HA 

000110 


101 1 


D9.0 


000 


01001 


100101 


101 1 


100101 


0100 


D10.0 


000 


01010 


010101 


101 1 


010101 


0100 


D1 1 .0 


000 


0101 1 


1 10100 


101 1 


1101 00 


0100 


D1 2.0 


000 


01 100 


001 101 


101 1 


001 101 


0100 


D1 3.0 


000 


01 101 


101 100 


101 1 


101 100 


0100 


ni>i a 
U I *t.u 


000 


ai 1 1 a 
U 1 1 1 u 


011 100 


101 1 


0111 00 


0100 


D1 5.0 


000 


01111 


A1 A1 1 1 
U 1U M 1 


0100 


1 A1 AAA 

1 Ul uuu 


1 A1 1 

1U1 1 


UIO.U 


000 


10000 


011011 


0100 


^ AAH A A 

1UU1UU 


101 1 


ni7 a 
Ul / .u 


000 


10001 


10001 1 


101 1 


10001 1 


0100 


D18.0 


000 


10010 


01001 1 


101 1 


01001 1 


0100 


D19.0 


000 


1001 1 


1 10010 


101 1 


1 10010 


0100 


D20.0 


000 


10100 


001 01 1 


101 1 


00101 1 


0100 


D21.0 


000 


10101 


101010 


101 1 


101010 


0100 


D22.0 


000 


10110 


01 1010 


101 1 


01 1010 


0100 


D23.0 


000 


101 1 1 


1 1 1010 


0100 


AAA 4 A 4 

000101 


101 1 


D24.0 


000 


1 1000 


1 1001 1 


0100 


AA4 H A A 

001 100 


101 1 


D25.0 


000 


1 1001 


1 00 1 1 0 


101 1 


1 00 1 1 0 


0100 


D26.0 


000 


11010 


ai ai 1 a 

U IU I I u 


1 A1 1 
I U M 


A1 A1 1 A 
U IU1 IU 


0100 


no7 a 


000 


1 1 A1 1 

MUM 


1 1A1 1 a 

1 IU 1 1 u 


0100 


AA1 AA1 
UU I UU I 


101 1 


D28 0 


000 


1 1 100 


001 110 


101 1 


001 110 


0100 


D29 0 


000 


1 1 101 


101 1 10 


0100 


A1 AAA1 
U I UUU I 


1 A1 1 
IU1 I 


D30 0 


000 


11110 


A1 1 1 1 A 
U ll I 1 u 


0100 


1 AAAA1 
1UUUU1 


101 1 


no.1 a 
Uo I .u 


Ann 
uuu 


11111 
M M I 


1 A1 A1 1 
I Ul U M 


0100 


A1 A1 A A 
U1U1UU 


101 1 


UU. 1 


001 


AAAAA 

uuuuu 


1001 1 1 


mm 

IUU 1 


A 1 1 AAA 

U I I uuu 


1 AA1 
IUU I 


Ul . 1 


001 


00001 


ai 1 1 ai 

U I I IU I 


1 aai 

I UU I 


1 AAA1 A 
I UUU I U 


1 AA1 
I UU I 


U£. I 


AA1 


00010 


1 ai 1 ai 

I U I IU I 


1 AA1 
I UU I 


A1 AA1 A 
U I UU I U 


1 AA1 
1 UU 1 


D3 1 


001 


0001 1 


110001 


1001 


110001 


1001 


D4 1 


aai 

UU I 


AA1 AA 

UU ] UU 


110101 


1001 


001010 


1001 


D5.1 


001 


00101 


101001 


1001 


101001 


1001 


D6.1 


001 


00110 


011001 


1001 


011001 


1001 


D7.1 


001 


00111 


111000 


1001 


000111 


1001 


D8.1 


001 


01000 


111001 


1001 


000110 


1001 


D9.1 


001 


01001 


100101 


1001 


100101 


1001 


D10.1 


001 


01010 


010101 


1001 


010101 


1001 


D11.1 


001 


01011 


110100 


1001 


110100 


1001 


D12.1 


001 


01100 


001101 


1001 


001101 


1001 


D13.1 


001 


01101 


101100 


1001 


101100 


1001 


D14.1 


001 


01110 


011100 


1001 


011100 


1001 


D15.1 


001 


01111 


010111 


1001 


101000 


1001 



DATA 3 

BYTE 

NAME 


HGF 


BITS 

EDCBA 1 


CURRENT RD- 


CURRENT RD+ 


abcdei 


fghj 2 


abcdei 


fghj 2 


nic 1 

U I O. 1 


AA1 
UU1 


1 0000 


A1 1 A1 1 
U M Ul I 


1 AA1 
I UU 1 


1 AA1 A A 
I UU IUU 


1 AA1 
I UU l 


U I / . I 


AA1 
UU1 


1 AAA1 


1 AAA1 1 
1UUU1 I 


1 AA1 
IUU I 


1 AAA1 1 
I UUU I 1 


1 AA1 
I UU I 


nm 1 

Ul 0. 1 


001 


10010 


01001 1 


1001 


01001 1 


1 AA1 
IUU I 


nio 1 
u iy. i 


AA1 
UU1 


1 AA1 1 
I UU 1 1 


1 1 AA1 A 
1 IUU1U 


1 AA1 
I UU I 


1 1 AA1 A 
I 1UU1 U 


1 AA1 
I UU 1 


noA 1 

Uc.U. 1 


001 


10100 


AA1 A1 1 
UU I Ul 1 


1 AA1 
IUU I 


00101 1 


1 AA1 
l UU I 


D21.1 


001 


10101 


1 01 01 0 


1 AA1 
I UU I 


101010 


i AA 1 

I UU 1 


D22. 1 


001 


101 10 


01 1010 


1001 


01 1010 


1 AA1 
IUU I 


D23.1 


001 


101 1 1 


1 1 1010 


1001 


AAA1 A1 
UUU IU I 


1 AA1 
IUU I 


Uc.**. 1 


AA1 
UU1 


1 1 AAA 
1 1UUU 


1 1AA1 1 
1 IUU1 1 


1 AA1 
I UU I 


AA1 1 AA 
UU I I UU 


1 AA1 
I UU I 


noc 1 

UcO. 1 


AA1 
UU1 


1 1AA1 
1 IUU 1 


1001 10 


1001 


1 001 1 0 


1001 


noc i 
UcX>. 1 


001 


1 1 A 1 A 
1 1U1U 


010110 


1001 


010110 


1001 


Uc.1 . I 


AA1 
UU I 


1 1 A1 1 
MUM 


1 10110 


1001 


AA1 AA1 
UU 1 UU 1 


1001 


D28 1 


001 


111 00 


001 110 


1001 


001 110 


1001 


D29 1 


001 


1 1 101 


101 1 10 


1001 


A1 AAA1 


1001 


D30 1 


001 


11110 


011110 


1001 


1 AAAA1 


1001 


D31 1 


001 


11111 


10101 1 


1001 


A1 A1 A A 
U IU IUU 


1001 


DO 2 


010 


AAAAA 


1 00 111 


0101 


A 1 1 AAA 
U I I UUU 


0101 


U I 


A1 A 
U IU 


AAAA1 
UUUU I 


011101 


0101 


1 AAA1 A 
I UUU I U 


0101 


no o 
\Jc..c. 


A1 A 
U IU 


AAA1 A 
UUU IU 


101 101 


0101 


A1 AA1 A 
U I UU I U 


0101 


no o 


A1 A 
U IU 


AAA1 1 
UUU I 1 


1 10001 


0101 


1 1 000 1 


0101 


ViA 9 
U*t .c, 


010 


001 00 


110101 


0101 


AA1 A1 A 
UU I U I U 


0101 


n*? 9 


A1 A 
U IU 


AA1 A1 
UU I Ul 


101001 


0101 


101001 


A1 A1 
U IU I 


nc 9 
UO.c 


010 


001 10 


01 1 001 


0101 


A1 1 AA1 
U I I UU I 


A1A1 
U IU I 


n7 9 

Ul .C 


010 


001 1 1 


111 000 


A1 A1 
U IU I 


AAA1 1 1 
UUU I I I 


A1A1 
U IU I 


no 9 

UO.C. 


010 


01000 


1 1 1001 


0101 


AAA1 1 A 
UUU I I U 


0101 


no 9 


A1 A 
U IU 


01001 


1 00 1 0 1 


0101 


100101 


0101 


D1 0 2 


010 


01010 


010101 


0101 


010101 


0101 


D1 1.2 


010 


0101 1 


1 10100 


0101 


1 10100 


0101 


D12.2 


010 


01 100 


001 101 


0101 


001 101 


0101 


D13.2 


010 


01 101 


101 100 


0101 


101 100 


0101 


D14.2 


010 


01 1 10 


0 1 1 1 00 


0101 


01 1 100 


0101 


D15 2 


010 


01111 


0101 1 1 


0101 




0101 


D16 2 


010 


1 0000 


01 101 1 


0101 


1 00 1 00 


0101 


D1 7 2 


010 


10001 


10001 1 


0101 


10001 1 


0101 


D18 2 


010 


10010 


01001 1 


0101 


01001 1 


0101 


D19 2 


010 


1001 1 


110010 


0101 


110010 


0101 


D20 2 


010 


101 00 


001011 


0101 


001011 


0101 


D21.2 


010 


10101 


101010 


0101 


101010 


0101 


D22.2 


010 


10110 


011010 


0101 


011010 


0101 


D23.2 


010 


10111 


111010 


0101 


000101 


0101 


D24.2 


010 


11000 


110011 


0101 


001100 


0101 


D25.2 


010 


11001 


100110 


0101 


100110 


0101 


D26.2 


010 


11010 


010110 


0101 


010110 


0101 


D27.2 


010 


11011 


110110 


0101 


001001 


0101 


D28.2 


010 


11100 


001110 


0101 


001110 


0101 


D29.2 


010 


11101 


101110 


0101 


010001 


0101 


D30.2 


010 


11110 


011110 


0101 


100001 


0101 


D31.3 


010 


11111 


101011 


0101 


010100 


0101 
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Table 1. 8B/10B Encoding (continued) 



DATA 0 

3YTE 

^AME 


HGF 


BITS 

1 

EDCBA 


CURRENT RD- 


CURRENT RD+ 


abcdGi 


fahi 2 


abcdGi 


fahi 2 


D0.3 


011 


00000 


1001 1 1 


001 1 


\J I 1 uuu 


1 100 


D1.3 


011 


00001 


011101 


001 1 


100010 


1 100 


D2.3 


011 


00010 


101 101 


001 1 


010010 

V 1 \J\J l U 


1 100 


D3.3 


011 


00011 


1 10001 


1 100 


1 10001 


001 1 


D4.3 


011 


00100 


110101 


001 1 


001010 


1 100 


D5.3 


011 


00101 


1 ni om 

I U I UU I 


1 100 


101001 

IU I UU I 


001 1 


D6.3 


011 


00110 


01 1001 


1 100 


01 1001 


001 1 


D7.3 


011 


00111 


1 1 1000 


1 100 


0001 1 1 


001 1 


D8.3 


011 


01000 


1 1 1001 


001 1 


ooo 1 1 o 

UUU I 1 u 


1 100 


D9.3 


011 


01001 


100101 


1 100 


100101 


001 1 


D10.3 


011 


01010 


010101 


1 100 


010101 


001 1 


D11.3 


011 


01011 


1101 00 


1 100 


1101 00 


001 1 


D12.3 


011 


01100 


001 101 


1 100 


001 101 


001 1 


D13.3 


011 


01101 


101 100 


1 100 


101 100 


001 1 


D14.3 


011 


01110 


011 100 


1 100 


0111 00 


001 1 


D15.3 


011 


011 11 


0101 1 1 


001 1 


101000 

1 V 1 \AJ\J 


1 100 


D16.3 


011 


10000 


01 101 1 


001 1 


100100 


1 100 


D17.3 


011 


10001 


10001 1 


1 100 


10001 1 


001 1 


D18.3 


011 


10010 


01001 1 


1 100 


01001 1 


001 1 


D19.3 


011 


10011 


1 10010 


1 100 


1 10010 


001 1 


D20.3 


011 


10100 


00101 1 


1 100 


00101 1 


001 1 


D21.3 


011 


10101 


101010 


1 100 


101010 


001 1 


D22.3 


011 


10110 


01 1010 


1 100 


01 1010 


001 1 


D23.3 


011 


10111 


1 1 1010 


001 1 


000101 


1 100 


D24.3 


011 


11000 


1 1001 1 


001 1 


001 100 
\j\t i i uu 


1 100 


D25.3 


011 


11001 


1001 10 


1 100 


1001 10 


001 1 


D26.3 


011 


11010 


010110 


1 100 


010110 


001 1 


D27.3 


011 


11011 


110110 


001 1 


001001 


1 100 


D28.3 


011 


11100 


001 110 


1100 


001 110 


001 1 


D29.3 


011 


1 1101 


101110 


001 1 


010001 


1 100 


D30.3 


011 


1 1 1 10 


01 1 1 10 


001 1 


100001 


1 100 


D31.3 


011 


11111 


10101 1 


001 1 


010100 

w IV 1 W 


1 100 


DO. 4 


100 


00000 


10011 1 


0010 


01 1000 


1 101 


D1.4 


100 


00001 


01 1 101 


0010 


100010 


1 101 


D2.4 


100 


00010 


101 101 


0010 


010010 


1 101 


D3.4 


100 


00011 


1 10001 


1 101 


1 10001 


0010 


D4.4 


100 


00100 


110101 


0010 


001010 


1101 


D5.4 


100 


00101 


101001 


1101 


101001 


0010 


D6.5 


100 


00110 


011001 


1101 


011001 


0010 


D7.5 


100 


00111 


111000 


1101 


000111 


0010 


D8.5 


100 


01000 


111001 


0010 


000110 


1101 


D9.5 


100 


01001 


100101 


1101 


100101 


0010 


D10.4 


100 


01010 


010101 


1101 


010101 


0010 


D11.4 


100 


01011 


110100 


1101 


110100 


0010 


D12.4 


100 


01100 


001101 


1101 


001101 


0010 


D13.4 


100 


01101 


101100 


1101 


101100 


0010 


D14.4 


100 


01110 


011100 


1101 


011100 


0010 


D15.4 


„1,QQ 


01111 


010111 


QP10 


101000 


1101 



DATA" 5 

BYTE 

NAME 


HGF 


BITS 

EDCBA 1 


CURRENT RD- 


CURRENT RD+ 


abcdei 


fghi 2 


abcdei 


fghi 2 


D16.4 


100 


10000 


011011 


0010 


100100 


1101 


D17.4 


100 


10001 


10001 1 


1 101 


10001 1 


0010 


D18.4 


100 


10010 


01001 1 


1 101 


01001 1 


0010 


D19.4 


100 


10011 


1 10010 


1 101 


1 10010 


0010 


D20.4 


100 


10100 


00101 1 


1 101 


00101 1 


0010 


D21.4 


100 


10101 


101010 


1 101 


101010 


0010 


D22.4 


100 


101 10 


011010 


1101 


011010 


0010 


D23.4 


100 


101 1 1 


1 11010 


0010 


000101 


1101 


D24.4 


100 


1 1000 


1 1001 1 


0010 


001 100 


1101 


D25.4 


100 


1 1001 


100110 


1101 


100110 


0010 


D26.4 


100 


1 1010 


010110 


1101 


010110 


0010 


D27.4 


100 


1 101 1 


110110 


0010 


001001 


1101 


D28.4 


100 


1 1 100 


001110 


1101 


001110 


0010 


D29.4 


100 


1 1 101 


101110 


0010 


010001 


1101 


D30.4 


100 


11110 


011 110 


0010 


100001 


1101 


D31.4 


100 


11111 


10101 1 


0010 


010100 


1101 


DO. 5 


101 


00000 


100111 


1010 


011000 


1010 


D1 .5 


101 


00001 


011101 


1010 


100010 


1010 


D2.5 


101 


00010 


101101 


1010 


010010 


1010 


D3.5 


101 


0001 1 


1 10001 


1010 


110001 


1010 


D4.5 


101 


00100 


1 10101 


1010 


001010 


1010 


D5.5 


101 


00101 


101001 


1010 


101001 


1010 


D6.5 


101 


001 10 


011001 


1010 


011001 


1010 


D7.5 


101 


001 1 1 


111000 


1010 


000111 


1010 


D8.5 


101 


01000 


111001 


1010 


000110 


1010 


D9.5 


101 


01001 


100101 


1010 


100101 


1010 


D10.5 


101 


01010 


010101 


1010 


010101 


1010 


D1 1 .5 


101 


01011 


110100 


1010 


110100 


1010 


u\d.o 


i rti 
l Ol 


01 100 


001101 


1010 


001101 


1010 


U lo.O 


1 fM 
IU I 


Ul 1 Ul 


101100 


1010 


101100 


1010 




1 ui 


Ul 1 IU 


011100 


1010 


011100 


1010 


U 1 o.o 


1 01 

I U 1 


01 1 1 1 
U I I I I 


010111 


1010 


101000 


1010 


D16.5 


1U1 


1 0000 


011011 


1010 


100100 


1010 


Ul f.O 


1U1 


1 0001 


100011 


1010 


100011 


1010 


u lo.o 


1 Ul 


10010 


010011 


1010 


010011 


1010 


D19.5 


101 


1001 1 


110010 


1010 


110010 


1010 


D20.5 


101 


10100 


001011 


1010 


001011 


1010 


D21.5 


101 


10101 


101010 


1010 


101010 


1010 


D22.5 


101 


10110 


011010 


1010 


011010 


1010 


D23.5 


101 


10111 


111010 


1010 


000101 


1010 


D24.5 


101 


11000 


110011 


1010 


001100 


1010 


D25.5 


101 


11001 


100110 


1010 


100110 


1010 


D26.5 


101 


11010 


010110 


1010 


010110 


1010 


D27.5 


101 


11011 


110110 


1010 


001001 


1010 


D28.5 


101 


11100 


001110 


1010 


001110 


1010 


D29.5 


101 


11101 


101110 


1010 


010001 


1010 


D30.5 


101 


11110 


011110 


1010 


100001 


1010 


D31.5 


101 


11111 


101011 


1010 


010100 


1010 
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Table 1. 8B/10B Encoding (continued) 



DATA 3 
BYTE 


BITS 


CURRENT RD- 


CURRENT RD+ 




DATA 3 

BYTE 

NAME 


BITS 
nor buobA 


CURRENT RD- 


CURRENT RD+ 


abcdei 


fgnj 2 


abcdei 


fgnj 2 




fahi 2 




fahi 2 
J2DI 


D0.6 


110 


00000 


4 /"in 1 1 1 
1UU1 1 1 


0110 


A1 1 AAA 

Ul I UUU 


0110 




D0.7 


1 1 1 00000 


1001 1 1 


0001 


011000 


1110 


D1.6 


110 


00001 


ai 1 1 ai 

U I 1 IU 1 


A1 1 A 
U 1 IU 


1 AAA1 A 
1UUU1U 


A1 1 A 
U 11U 




D1.7 


1 1 1 00001 


01 1 101 


0001 


100010 


1110 


D2.6 


110 


00010 


1 ai 1 ai 
1U1 IU 1 


0110 


A1 AAl A 
U1UU1U 


0110 




D2.7 


111 00010 


101 101 


0001 


010010 


1110 


D3.6 


110 


00011 


1 10001 


0110 


1 10001 


0110 




D3.7 


111 00011 


1 10001 


1 110 


1 10001 


0001 


D4.6 


110 


00100 


1 1 ai ai 

1 IU 1U1 


A1 1 A 

unu 


AA1 A1 A 

UU1U1U 


0110 




D4.7 


111 00100 


1 10101 


0001 


001010 


1110 


D5.6 


110 


00101 


1 ai aai 
i u i uu i 


A1 1 A 
U II u 


1 A1 AA1 
I U 1 UU 1 


A1 1 A 
Ul IU 




D5.7 


111 00101 


101001 


1110 


101001 


0001 


D6.6 


110 


00110 


011 00 1 


0110 


0 1 1 00 1 


0110 




D6.7 


111 00110 


01 1001 


1 1 10 


011001 


0001 


D7.6 


110 


00111 


1 1 1000 


0110 


000 111 


0110 




D7.7 


111 00111 


1 1 1 000 


1 110 


000111 


0001 


D8.6 


110 


01000 


111 UU 1 


0110 


AAA1 1 A 
UUU 1 IU 


0110 




D8.7 


111 01000 


1 1 1001 


0001 


0001 10 


1110 


D9.6 


110 


01001 


1 00101 


A1 1 A 
U I I u 


1 AA 1 A 1 
I UU 1 U 1 


A1 1 A 
U 1 1 u 




D9.7 


111 01001 


100101 


1110 


100101 


0001 


D10.6 


110 


01010 


010101 


A1 1 A 
U 1 I u 


010101 


0110 




D10.7 


111 01010 


010101 


1110 


010101 


0001 


D1 1.6 


110 


01011 


1 1 a 1 aa 

I I U I UU 


A1 1 A 
U 1 1 u 


1 10100 


A1 1 A 
Ul IU 




D11.7 


111 01011 


1 10100 


1110 


1 10100 


1000 


D12.6 


110 


01100 


001 101 


A1 1 A 
U I I u 


AA1 1 A1 
UU I IU I 


A1 1 A 
U I I u 




D12.7 


111 01100 


001 101 


1110 


001 101 


0001 


D13.6 


110 


01101 


1 01 100 


A1 1 A 
U I IU 


101 100 


0110 




D13.7 


111 01101 


101 100 


1 110 


101 100 


1000 


D14.6 


110 


01110 


a 1 1 1 aa 

U 1 1 1 UU 


A1 1 A 
Ul IU 


0111 00 


0110 




D14.7 


111 01110 


011 100 


1110 


01 1 100 


1000 


D15.6 


110 


01111 


mm 1 1 

U IU I II 


A1 1 A 
U I 1 U 


1 A1 AAA 
1U1UUU 


0110 




D15.7 


111 01111 


01011 1 


0001 


101000 


1110 


D16.6 


110 


10000 


m im 1 

U 1 1 U I 1 


A1 1 A 
Ul 1 U 


1 AA 1 A A 
1 UU 1 UU 


0110 




D16.7 


111 10000 


011011 


0001 


100100 


1110 


D17.6 


110 


10001 


1 nnn 1 1 

1 UUU 1 1 


A1 1 A 
U 1 1 U 


1 0001 1 


0110 




D17.7 


111 10001 


10001 1 


01 1 1 


10001 1 


0001 


D18.6 


110 


10010 


010011 


0110 


010011 


0110 




D18.7 


111 10010 


01001 1 


01 1 1 


01001 1 


0001 


D19.6 


110 


10011 


110010 


0110 


110010 


0110 




D19.7 


111 10011 


110010 


1110 


110010 


0001 


D20.6 


110 


10100 


001011 


0110 


001011 


0110 




\JcSj. 1 


111 1 A1 AA 
III I U I UU 


001011 


0111 


001011 


0001 


D21.6 


110 


10101 


101010 


0110 


101010 


0110 




D21.7 


111 10101 


101010 


1110 


101010 


0001 


D22.6 


110 


10110 


011010 


0110 


011010 


0110 




D22.7 


111 10110 


011010 


1110 


011010 


0001 


D23.6 


110 


10111 


111010 


0110 


000101 


0110 




D23.7 


111 10111 


111010 


0001 


000101 


1110 


D24.6 


110 


11000 


110011 


0110 


001100 


0110 




D24.7 


111 11000 


110011 


0001 


001100 


1110 


D25.6 


110 


11001 


100110 


0110 


100110 


0110 




D25.7 


111 11001 


100110 


1110 


100110 


0001 


D26.6 


110 


11010 


010110 


0110 


010110 


0110 




D26.7 


111 11010 


010110 


1110 


010110 


0001 


D27.6 


110 


11011 


110110 


0110 


001001 


0110 




D27.7 


111 11011 


110110 


0001 


001001 


1110 


D28.6 


110 


11100 


001110 


0110 


001110 


0110 




D28.7 


111 11100 


001110 


1110 


001110 


0001 


D29.6 


110 


11101 


101110 


0110 


010001 


0110 




D29.7 


111 11101 


101110 


0001 


010001 


1110 


D30.6 


110 


11110 


011110 


0110 


100001 


0110 




D30.7 


111 11110 


011110 


0001 


100001 


1110 


D31.6 


110 


11111 


101011 


0110 


010100 


0110 




D31.7 


111 11111 


101011 


0001 


010100 


1110 



SPECIAL 4 

CODE 

NAME 


HGF 


BITS 
EDCBA 1 


CURRENT RD- 


CURRENT RD+ 


abcdei 


fghi 2 


abcdei 


fghi 2 


K28.0 


000 


11100 


001 1 1 1 


0100 


110000 


1011 


K28.1 


001 


11100 


001 1 1 1 


1001 


110000 


0110 


K28.2 


010 


11100 


001 1 1 1 


0101 


110000 


1010 


K28.3 


011 


11100 


001 1 1 1 


0011 


110000 


1100 


K28.4 


100 


11100 


001 1 1 1 


0010 


110000 


1101 


K28.5 


101 


11100 


001 1 1 1 


1010 


110000 


0101 


K28.6 


110 


11100 


001111 


0110 


110000 


1001 


K28.7 


111 


11100 


001111 


1000 


110000 


0111 


K23.7 


111 


10111 


111010 


1000 


000101 


0111 


K27.7 


111 


11011 


110110 


1000 


001001 


0111 


K29.7 


111 


11101 


101110 


1000 


010001 


0111 


K30.7 


111 


11110 


011110 


1000 


100001 


0111 



Notes: 1 . "HGF EDC BA" corresponds to DI7 ...0 in that order 
i 2. a is to be transmitted first, followed by 

b, c, d ....i in that order 
I 3. Kin=0 

! 4. Kin=1 
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RCC700 



TRANSMITTER TIMING 



TBC 



DIN0..7, KIN, PIN 



DOUT, DOUT 



DOUT, DOUT 




trj.tdj 

RECEIVER TIMING 




For More Information, call 1-800-722-7074. 
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OOON-CDlO^OOCNJ-r-CDCDtOCDCDCOtDCD 

nnnnn n nnnnnnnnnnn 



20 ; 

21 
22} 
23} 
24 

25 f 

26 ; 



RCC700 

68 PIN PLCC Package 



k60 



uuu uu uuuuuuuuuuuu 



i 56 
55 
54 
!53 
52 
51 
,50 
49 
,48 
1 47 
46 

4i- 




510. 



100 



Siemens 
Fiber 
Optic 
Xcvr 

V23806- 
A7-C2 



Interconnection of RCC700 to a Fiber Optic Transceiver 
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RCC521 

STS-3/STM-1 Synchronizer and Framer 



General Description 

The RCC521 STS-3/STM-1 Synchronizer and Framer 
provides all the frame recognition and synchronization 
functions required of a SONET/SDH line interface at the 
155.52 Mb/s data rate. On-chip phase-locked loops 
facilitate clock generation and clock and data recovery. 
The chip provides frame recognition, byte alignment, 
scrambling/descrambling, bit interleaved parity (BIP-8) 
generation/checking, and alarm generation according to 
the applicable CCITT and ANSI standards. The chip 
also satisfies the requirements in Bellcore TR-NWT- 
000253. 

The high speed serial line signals are provided with 
positive-shifted ECL (PECL) interfaces, operating off a 
single +5V supply, to interface directly with standard 
fiber-optic modules. 

The RCC521 is implemented using Raytheon's high 
performance CMOS-D process. 

In a typical SONET OC-3/SDH-1 link, the RCC521 will 
interface with standard fiber optic modules on the line 
side and with CMOS circuitry on the terminal side. The 
differential PECL I/O on the RCC521 permits a direct 
interface to standard fiber optic modules without re- 
course to intervening level translators. In most applica- 
tions, the only high speed board traces will be two pairs 
of short stubs carrying serial data differentially: one from 
the transmit section of the RCC521 to the fiber optic 
transmitter module, the other from the fiber optic re- 
ceiver module to the receive section of the RCC521. A 
list of SONET/SDH compliant fiber optic modules that 
are compatible with the RCC521 are given in the 
Application Information section. 



Features 

♦ Transmits/Receives at the STS-3/STM-1 serial data 
rate of 155.52 Mbfc 

♦ Single supply (+5V) operation 

♦ On-chip clock synthesis and clock and data recovery 

♦ PECL I/O for direct interface to fiber-optic modules 

♦ Detects framing sequence in serial data from network 
and provides deserialized byte data and 19.44 MHz 
byte clock to terminal 

♦ Receives 1 9.44 MHz byte clock and byte data from 
terminal and provides serial data to network 

♦ Transmit clock may be directly coupled in at 1 55.52 
MHz or synthesized from external 19.44 MHz source 

♦ Receive PLL retains lock even in the absence of 
transitions in 70 consecutive bit positions 

♦ Scrambling/descrambling and BIP-8 calculation/ 
checking with optional bypass mode 

♦ Generates LOS(loss of signal), OOF(out of frame), 
LOF(loss of frame), and RFE(receive frame error) 
alarms 

♦ Loopback capability at both network and terminal ends 

♦ Test mode allows chip to be tested using an abbrevi- 
ated frame 

♦ 1 .0 W maximum power dissipation 

♦ Fabricated in Raytheon's High Performance CMOS 
process 

♦ Conforms to ANSI T1 .1 05-1 991 ,CCITT G.708 and 
Bellcore TR-NWT-000253 



Applications 

♦ SONET STS-3 or SDH STM-1 line interface 

♦ OC-3/SDH-1 Regenerators, Add/Drop Multiplexers 

♦ ATM using SONET transport 

♦ SONET/SDH Test Equipment 
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Operating 


Part Number 
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Temperature 






Range 


RCC521XX 


XX 


0°Cto70°C 


RCC521YY 


YY 


0°Cto70°C 



Package 

84 Pin PLCC 
84 Pin CLDCC 



Order Number 

RCC521xx 
RCC521yy 



2-388 



Raytheon Semiconductor 



For More Information, call 1-800-722-7074. 



RCC521 



Pinout 



— o -i 

LL LL 111 Oh 

lu uj co < m c/) 

CC CC LL 0_ CC LLI 
<<OUJ|-h- 

,nnnnnnnnn 



Z 2 S3 
ilOqqqqZoZqqqqq 



ARE C 


12 


DVDD2 C 


13 


REFCLK C 


14 


SCKINT C 


15 


SCKINC C 


16 


DGND2 C 


17 


AGND2 C 


18 


TLF2 C 


19 


TLF1 C 


20 


AVDD2 C 


21 


CSSEL C 


22 


PVDD2 C 


23 


SDOCC 


24 


PGND C 


25 


SDOTC 


26 


PVDD1 C 


27 


PVDD3 C 


28 


SCKOC C 


29 


SCKOT C 


30 


PGND3 C 


31 


LLBC 


32 



11 10 9876543 



nnn n 
2S > 8483 



nnnnnnnn 



838281 807978777675 
74 
73 
72 
71 
70 
69 
68 
67 
66 
65 
64 
63 
62 
61 
60 
59 
58 
57 
56 
55 
54 

33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 



3 RESETN 
3 ENSCP 
1 DVDD3 
1 RBD7 
] RBD6 
1 RBD5 
DRBD4 
D DGND3 
1 RBCLK 
D DGND3 
D RBD3 
DRBD2 
1 RBD1 
DRBD0 
1 DVDD3 
] FM 
] TLB 
1 BIPERR 
3 DGND3 
DFFRM 
1 LOS 




Absolute Maximum Ratings (1) 

Supply voltage, AVDD.DVDD.IVDD.PVDD 7V 

Voltage at any input 6V 

Ambient operating temperature range -40°Cto 85°C 

Power dissipation 1.2W 

Storage temperature range -65°C to +150°C 

Lead temperature range 

(Soldering 10 seconds) 300°C 



Notes: 

1 . "Absolute maximum ratings" are those beyond which 
the safety of the device cannot be guaranteed. They 
are not meant to imply that the device should be 
operated at these limits. If the device is subjected to 
the limits in the absolute maximum ratings for 
extended periods, its reliability may be impaired. The 
tables of Electrical Characteristics provide conditions 
for actual device operation. 
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Network (Line) Side 

Transmit serial 
bit stream 



Receive serial 
. clock-embedded 
bit stream 



Figure 1. Simplified Block Diagram 



Detailed Description 

The simple block diagram of Figure 1 is shown in more 
detail in Figure 3. The transmit section is expanded into a 
Clock Generation block, a Transmit State Machine block 
and a Parallel-to-Serial Conversion block. The receive 
section consists of a Clock and Data Recovery block, a 
Framer block and a Receive State Machine block. 

The RCC521 can operate in two modes: a "Full Framing 
mode" (FFRM=0) and a "Recognition Only mode" 
(FFRM=1). In the Full Framing mode, the RCC521 
recognizes the STS-3/STM-1 framing sequence in the bit 
stream received from the line and then anticipates and 
tracks subsequent occurrences of the framing sequence in 
conformance with the CCITT and ANSI standards. Most 
applications will use the chip in this mode. In the Recogni- 
tion Only mode, the RCC521 will look for the framing 
sequence, output a Frame Mark (FM) pulse at every 
occurrence of the framing sequence, and provide byte 
alignment based on the detected framing. It will not 



execute the tracking algorithm required of the ANSI and 
CCITT standards. This mode will only be used in when 
the tracking is done by a separate upstream device. 

Clock Generation 

The Clock Generation block generates and distributes 
the 155.52 MHz clock used for serial transmission. This 
clock may be derived in one of two ways, determined by 
Clock Frequency Select (CFSEL) : it may be synthe- 
sized from a reference at the byte frequency of 19.44 
MHz using an on-chip phase-locked loop, or it may be 
coupled in externally at 155.52 MHz. If CFSEL is 1 , the 
Clock Generation block expects a 19.44 MHz clock that 
conforms to the ANSI/CCITT standards to be presented 
at the Reference Clock (REFCLK) input pin. The on-chip 
PLL will synthesize the transmit clock using this refer- 
ence. If CFSEL is 0, the Clock Generation block expects 
to receive an ANSI/CCITT compliant 155.52 MHz clock 
at the SCKINT (Serial Clock In True) and SCKINC 
(Serial Clock In Complement) pins. In this case, the on- 
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Figure 2. The RCC521 in a Typical Link 
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Figure 3. Detailed Block Diagram 



chip PLL is bypassed and the external clock is buffered 
and distributed within the device. SCKINT and SCKINC 
are differential PECL (positive-shifted ECL) inputs. 

The Clock Generation block also generates two timing 
reference signals, TRBC and TRFPN, based on REFCLK, 
which may be used by the terminal to frame and clock out 
the byte-wide data to the RCC521 from the transmit FIFO 
in the terminal. TRFPN (Transmit Reference Frame Pulse 
Negative) has width equal to one byte and occurs at the 
frame rate of 8 kHz. TRBC (Transmit Reference Byte 
Clock) is a symmetrical clock signal at 19.44 MHz. 

The Clock Generation block also has an alternate refer- 
ence circuit. The alternate reference may be used to 
insert a secondary timing reference, or provide a stable 
clock for start-up in the event the primary reference 
cannot be relied upon. The alternate reference may be 
generated in one of two ways: the first, by connecting the 
output from a 19.44 MHz external crystal oscillator/clock 
source to AREFI (Alternate Reference In), the second, by 
connecting a 19.44 MHz fundamental mode crystal 
between pins AREFI and AREFO (Alternate Reference 
Out). If the Alternate Reference Enable (ARE) input pin is 
asserted, the Clock Generation block synthesizes the 
serial transmit clock from the alternate reference instead 



of synthesizing it from REFCLK or using SCKINT/ 
SCKINC. The ANSI/CCITT standards require Network 
Equipment (NEs) to provide a secondary clock source In 
case the primary source becomes unsuitable. The 
secondary clock source may be connected to AREFI 
and switched in using ARE. It is unlikely that an alter- 
nate reference generated using the on-chip crystal 
oscillator will be suitable as the secondary clock source 
in NEs, unless each device is individually tuned, be- 
cause the frequency cannot be guaranteed to be within 
±20 ppm from device to device owing to variations in 
semiconductor process and parasitic capacitance. 
However, the crystal will have to be provided, to ensure 
proper initialization, in Line, Loop and Through timing 
applications where the principal clock is derived from the 
SONET/SDH input to the device and a guaranteed 
standby clock is unavailable. The crystal provides a 
permanent, free-running, clock source that assures 
proper start-up on Power Up and Reset. This is ex- 
plained below in the description of the Clock and Data 
Recovery block. Note, in all applications where the 
transmit reference is not related to the received clock, a 
crystal or an alternate external reference is not neces- 
sary for proper operation of the RCC521 . 
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More information on clock generation, which includes 
Raytheon's solutions for clock synthesis from other 
reference frequencies (1 .544, 2.048 and 51 .84 MHz), is 
available in the Application Information section 

Transmit State Machine 

The Transmit State Machine provides the timing marks for 
the scrambler and the B1 parity generation circuitry. It 
receives the Transmit Byte Clock (TBCLK), the Transmit 
Frame Pulse Negative (TFPN) and the Transmit Byte 
Data (TBD0-7) from the terminal. TBCLK is the 19.44 
MHz byte clock with which the data byte TBDO-7 is 
clocked into the RCC521 for subsequent serialization and 
transmission. TFPN provides the framing reference for the 
transmit section of the RCC521 ; it should be a pulse 
synchronous with the third A2 byte of the framing se- 
quence. The terminal may derive TBCLK and TFPN from 
TRBC and TRFPN, respectively. 

Parallel to Serial Conversion 

This block serializes the TBDO-7 data byte, scrambles it, 
and transmits it at 155.52 Mb/s using the serial transmit 
clock from the Clock Generation block. Although the serial 
transmit clock will be exactly eight times the frequency of 
TBCLK, thereby obviating the need for an on-chip FIFO, 
the phase relationship between the two clock signals will 
be arbitrary. This can lead to setup and hold problems 
when the data byte is loaded into the Parallel to Serial 
Conversion block for serialization. A phase alignment 
circuit is used to establish adequate phase separation 
between TBCLK and the internal load clock which loads 
the data byte into the Parallel to Serial Conversion block. 
Once the phase relationship is established, the circuit will 
operate properly even if the active edge of TBCLK shifts 
±6 ns relative to its initial reference position. If the Enable 
Phase Adjustment (EPA) pin is logic "1", the phase 
alignment circuit will re-establish the load clock if the 
active edge of TBCLK shifts outside the permitted win- 
dow. If EPA is M 0 M , the internal load clock, once estab- 
lished, remains fixed until a Reset is applied, no matter 
what TBCLK does subsequently. 

Note, if EPA='T, clock wander will not cause phase 
realignment because TBCLK and the internal bit clock 
track the reference clock. A phase realignment will be 
necessary only if there is extreme variation in the propa- 
gation delay of TRBC through the terminal electronics to 
TBCLK, or if protection switching is activated. The 
operation of the phase alignment circuit is discussed fully 
in the Application Information section. 

The Serial Data Output to the line side is differential 
(SDOT and SDOC). The output has PECL voltage levels 
allowing the RCC521 to drive standard opto-electronic 



transmitters directly. 

The Enable Scrambling and Parity (ENSCP) control pin 
determines whether the data bytes should be scrambled 
and the B1 parity byte calculated and inserted, or 
whether the data bytes should simply be relayed through 
without scrambling or B1 insertion. If ENSCP=T, the 
scrambler is enabled three octets after the trailing edge of 
TFPN (i.e., after the third C1 byte). The Bit Interleaved 
Parity (BIP-8) is also calculated, to give even parity, for 
all octets in the current frame after scrambling. When the 
bytes of the next frame are clocked into the RCC521 
from the terminal, the first B1 byte in the new frame is 
replaced by the BIP-8 value that was last calculated 
(note, BIP-8 is inserted before scrambling but calculated 
after scrambling). The scrambler is disabled after 2421 
bytes have been transmitted. The TFPN pulse should, 
therefore, be synchronous with the last A2 byte of the 
framing pattern. This ensures that the first nine bytes of 
the frame (the framing pattern and the C1 bytes) are not 
scrambled. 

If ENSCP="0 M , TBDO-7 is simply serialized and transmit- 
ted without scrambling or parity insertion. 

The behavior of the Transmit Section immediately after 
Reset and Power Up are explained in detail in the 
Application Information section. 

Clock and Data Recovery 

The Clock and Data Recovery block extracts the serial bit 
clock from the input bit stream. This clock is the basis for 
all timing in the Receive Section. The Clock and Data 
Recovery block receives the high speed serial bit stream 
from the opto-electronic receiver on differential PECL 
inputs - Serial Data In True and Serial Data In Comple- 
ment (SDINT & SDINC). It also receives the differential 
inputs, Signal Detect True and Signal Detect Comple- 
ment (SDT and SDC), from the opto-electronic receiver. 
Signal Detect is a low speed PECL signal which is 
asserted by the opto-electronic receiver when it receives 
optical power above a specified threshold value. 

The Clock and Data Recovery block consists of a low- 
jitter phase-locked loop which extracts the clock informa- 
tion and the data from the serial input on pins SDINT and 
SDINC. This phase-locked loop, which will be referred to 
as the Receive PLL, is separate from the phase-locked 
loop in the Clock Generation block. The latter, which will 
be referred to as the Transmit PLL, is well isolated from 
the Receive PLL to minimize jitter from any cross- 
coupling between the two and to avoid false lock. Upon 
power up or Reset, the Receive PLL aligns itself to the 
Transmit PLL using a phase-frequency comparison 
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scheme which allows the Receive PLL to pull-in and 
achieve lock even if the initial frequency discrepancy is 
relatively large. After the Receive PLL is locked to the 
transmit frequency, it will immediately re-align itself to the 
incoming data stream if and when Signal Detect is TRUE 
and transitions are detected at the SDINT and SDINC 
inputs. When the Receive PLL locks onto the serial input, 
it employs a phase-only comparison scheme along with a 
proprietary pulse discrimination technique to minimize 
jitter generation and improve jitter tolerance. By initially 
aligning the Receive PLL to the transmit frequency, the 
Receive PLL is tuned very close to the input frequency. 
This permits the Receive PLL to maintain a low bandwidth 
for jitter performance, and yet, reliably lock onto the serial 
input data. 

The recovered 155.52 MHz Receive clock is output on 
differential PECL outputs SCKOT and SCKOC (Serial 
Clock Out True and Complement) where it may be 
buffered out to other devices in Line, Loop, and Through 
timing applications. Because the PECL buffers dissipate a 
fair amount of power and inject some noise into the 
substrate of the integrated circuit, the Enable Receive 
Clock (ENRCK) control pin may be de-asserted to disable 
the PECL buffers if the Serial Receive Clock output is not 
needed. If the board designer prefers not to route high 
speed clocks on the board, the Receive Byte Clock may 
be connected externally to other devices and the serial 
clock synthesized from the byte clock. In this case, 
however, the jitter will be the composite jitter from two 
phase-locked loops. The Receive PLL also generates a 
Lock Detect Negative (LDN) output which is asserted 
when the Receive PLL is locked to the serial input. 

Because the Receive PLL needs the Transmit PLL for 
initialization, a circularity problem may arise in timing 
applications where the serial transmit clock is derived 
from the clock recovered on the same chip. On Power Up 
or Reset, the Receive PLL will look to the Transmit PLL to 
provide initial frequency alignment. But, the Transmit PLL 
cannot provide a stable clock because it derives its 
reference from the clock recovered by the Receive PLL. 
Even if the transmit reference is derived from a SONET/ 
SDH input received on a different chip, failure of that 
source would again prevent initialization of the Receive 
PLL. To overcome this problem, the Clock Source Select 
(CSSEL) input is provided. If CSSEL is 0, the Serial 
Transmit Clock is derived in the usual manner: it is 
synthesized from REFCLK or derived from SCKINT/C as 
determined by CFSEL. If CSSEL is 1 , the Serial Transmit 
Clock is synthesized from AREFI. If a SONET compliant 
clock source is not provided to AREFI as the secondary 
clock, a crystal will have to be provided. A clock source 



accurate to ±200 ppm is adequate for initialization. If 
LDN is connected to CSSEL, the transmitter will initialize 
using the secondary reference and then switch to the 
primary reference after the Receive PLL has success- 
fully locked to the input bit stream. The Application 
Information section provides details on how the RCC521 
should be hooked up in various timing configurations. 

Framer 

The Framer block identifies the frame boundaries and 
correctly demarcates the incoming serial bit stream into 
octets. The Receive Section of the RCC521 will enter 
the Seek Framing (SF) condition whenever RESETN or 
Out Of Frame Negative (OOFN) is asserted. More 
details on the operation of the RCC521 after RESETN 
or OOFN is asserted is given below in the Reset and 
Receive State Machine sections, respectively. Once in 
the Seek Framing condition, if FFRM=T, the Framer 
block will initiate the ANSI/CCITT procedure to acquire 
frame alignment. It will begin a serial search for the 
STS-3 framing pattern: three A1 (hex F6) octets fol- 
lowed by three A2 (hex 28) octets. When the framing 
pattern is recognized, the RCC521 sets the timing mark 
for the byte boundary and begins counting octets. If the 
framing pattern is accurately repeated exactly one frame 
later, the RCC521 enters the In Frame (IF) condition. 
Otherwise, the circuit resumes the search for two 
framing patterns which are exactly one frame interval 
apart. A new frame search may be initiated at an 
arbitrary point within the incoming data stream by simply 
asserting OOFN. As soon as the RCC521 enters the In 
Frame condition, it outputs a Frame Mark (FM) pulse 
and enables the byte aligned data onto RBD0-7. This is 
explained further in the Receive State Machine section. 



In the Recognition Only Mode (FFRM="0"), when the 
Framer block is in the Seek Framing condition, it will 
search for the framing pattern and determine the frame 
and byte boundaries from the first framing pattern 
detected. The circuit will not attempt to verify framing or 
modify the established frame and byte boundaries 
based on subsequent occurrences of the framing 
pattern. A new search for the framing pattern must be 
initiated by the terminal electronics by re-asserting 
OOFN. 

If ENSCP= M 1 ", the BIP-8 is generated for each frame of the 
received data before the data is descrambled. The value 
obtained for one frame is compared for errors with the first 
B1 byte of the descrambled data of the next frame. If 
ENSCP= M 0", the received data is deserialized and passed 
through to the terminal without descrambling. 
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Receive State Machine 

The Receive State Machine provides the timing marks for 
the descrambler, the parity checker, and the other circuits 
in the Receive Section. It also generates the alarm signals 
according to the ANSI/CCITT standards and outputs the 
status of the B1 parity check. 

The Receive State Machine divides down the recovered bit 
clock to generate the Receive Byte Clock (RBCLK) and 
synchronizes the Received Byte Data (RBDO-7) to RBCLK. 
The terminal clocks in the deserialized data using RBCLK. 
When the RCC521 enters the In Frame condition, the 
Receive State Machine outputs a Frame Mark (FM) pulse. 
This pulse is one byte wide and in phase with the third A2 
byte of the framing pattern relayed on RBDO-7. If FFRM= M 1 ", 
the first FM pulse is output with the third A2 byte in the 
second of the two consecutive frames needed to take the 
RCC521 into the In Frame condition. If FFRM="0", the FM 
pulse is output with the third A2 byte of the very first frame 
pattern recognized. 

In the Full Framing Mode, once the RCC521 is in the In 
Frame condition, the Receive State Machine will output FM 
pulses regularly, every 2430 bytes, until RESETN or 
OOFN is asserted. The occurrence of a spurious framing 
pattern within the frame will not cause re-framing or the 
output of an FM pulse. If the RCC521 goes Out of Frame 
(OOF) from an In Frame condition (OOF is described 
below), the Receive State Machine retains the current 
frame boundary until OOFN is asserted. It retains the 
current byte boundary until a subsequent frame acquisition 
is successful. Therefore, on detecting an Out of Frame 
condition, the OOF alarm is set, but the FM pulses, RBD0- 
7 and RBCLK continue based on the existing timing. As 
soon as OOFN is asserted to initiate a new frame search, 
the FM pulses stop until the new frame acquisition is 
successful, whereupon they resume based on the newly 
established frame boundary. RBDO-7 and RBCLK will 
continue to be output based on the old byte boundaries 
while the frame search is in progress, although the data 
may well be invalid. After frame acquisition, RBDO-7 and 
RBCLK will reflect the new byte boundaries when the first 
FM pulse corresponding to the new frame boundary is 
output A pulse stretching circuit is employed to ensure that 
no runt pulse is output on RBCLK when it changes align- 
ment as a result of reframing. 

In the Recognition Only Mode, once the RCC521 is in the 
In Frame condition, the Receive State Machine will output 
an FM pulse every time a framing pattern is recognized. 
The occurrence of framing patterns will not cause realign- 
ment of byte and frame boundaries unless OOFN is 



asserted. 

The Receive State Machine also generates the following 
alarm signals: Receive Frame Error (RFE), Out Of Frame 
(OOF), Loss Of Frame (LOF), and Loss Of Signal (LOS). 
The RFE and LOS alarms are generated in both the Full 
Frame and the Recognition Only modes. The OOF and 
LOF alarms are generated only if FFRM=T. 

RFE: Once the RCC521 is in the In Frame condition, the 
Receive State Machine expects the Framer to identify the 
six byte framing pattern beginning 2424 bytes after the last 
Frame Mark. If the Framer does not recognize a correct 
framing pattern, a one byte wide RFE pulse is generated. 
RFE is output in phase with the FM pulse. 

OOF: The Receive State Machine asserts the OOF alarm 
output as long as the RCC521 is in the OOF condition. The 
RCC521 will be in the OOF condition on power up, Reset, 
and when OOFN is asserted. It is also possible to enter the 
OOF condition from the In Frame condition if the incoming 
data is corrupt. In the Full Frame mode, the RCC521 will 
autonomously enter the OOF condition from the In Frame 
condition if erroneous framing patterns are detected in four 
consecutive frames. The RCC521 will re-enter the In 
Frame condition when two successive error free framing 
patterns are detected. In the Recognition Only mode, the 
RCC521 cannot autonomously enter the OOF condition 
from the In Frame condition. It can only do so if OOFN is 
explicitly asserted. In this case, the RCC521 enters the In 
Frame condition as soon as the first framing pattern is 
encountered. 

LOF: If the OOF condition persists for 3 ms (24 frames), the 
LOF alarm is asserted. The LOF is de-asserted when eight 
consecutive error free framing patterns are received (i.e., 
the circuit has remained In Frame for 1 ms). 

LOS: The Receive State Machine asserts the LOS alarm 
if Signal Detect is de-asserted or if an uninterrupted series 
of all ones or all zeros is received for an interval exceeding 
25±5jiS. The LOS is de-asserted when two consecutive 
error free framing patterns are detected. 

If FFRM=T\ the Receive State Machine will output the 
results of the B1 parity check on the BIP Error (BIPERR) 
output pin. The B1 byte that was generated for the prior 
frame is exclusive OR-ed with the B1 byte in the present 
frame to yield an error byte which has a logic 1 at every bit 
position that is in error. The error byte is clocked out in byte- 
wide pulses in phase with RBDO-7. The first pulse will be 
in phase with the B1 byte on RBDO-7. 

Loopback 

The RCC521 has loopback capability at both the terminal 
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and the network ends. If Terminal Loopback (TLB) is 
asserted, TBDO-7 is serialized as usual. However, the 
Clock and Data Recovery block will internally select the 
serial transmit data instead of the serial receive data on 
SDINT and SDINC. Consequently, RBDO-7 will output a 
delayed replication of TBDO-7. If Line Loopback (LLB) is 
asserted, the serial input data on SDINT and SDINC is 
deserialized and presented to RBDO-7. The data is also 
multiplexed internally, along with the receive clock, into the 
Transmit State Machine. The signal on SDOT and SDOC 
will therefore be a delayed replication of SDINT and 
SDINC. 

Test Mode 

The Test Mode is used to factory-test the chip expedi- 
tiously. If TEST is asserted, the RCC521 operates with a 
short frame of 16 bytes. The first six bytes constitute the 
framing pattern. The first nine bytes are not scrambled. The 
1 3th byte is treated as the B1 byte. The remaining six bytes 
may be packed with arbitrary data. In the Test mode, the 
serial transmit clock is output on SCKOT/SCKOC instead 
of the recovered clock. 

Reset 

A general reset is performed by asserting RESETN (Reset 
Negative) for at least two byte periods. The RCC521 will 
automatically perform a Reset on power up. On Reset, the 
Transmit PLL and the Receive PLL will enter the out of lock 
condition and begin a new acquisition cycle. The byte 
counter and the scrambler in the Transmit Section will reset 
themselves and await TBCLK and the next TFPN pulse. 
Once the Transmit PLL has achieved lock, TRBC and 
TRFPN will be issued. The serial output will be all zeroes 
until transitions are present on TBCLK. The first negative 
going transition on TBCLK will trigger the phase alignment 
circuit and establish the position of the internal load clock 
which loads the parallel to serial converter. If ENSCP="0 M , 
valid data is presented to the serial output with the very first 
byte. If ENSCP='T, valid data is presented at the serial 
output from the beginning of the next frame ( the B1 byte 
in the very first frame will be incorrect). 

On Reset, The Receive Section will enter the Out Of Frame 
condition and follow the standard procedure to go In 
Frame. All preset alarms will be cleared. As soon as the 
Receive PLL commences the lock-in procedure to acquire 
the serial receive input, a timer is set. An OOF condition is 
declared when this timer expires if framing is not achieved 
priorto expiry. New alarms will be generated depending on 
how long the OOF condition persists. 

Power Up 

On power up, all CMOS outputs are held low until the 



positive supply reaches 4V(±0.5V) and then released. This 
assures glitch free operation on power up. A Reset is 
issued internally when the positive supply reaches the 
release voltage. The ensuing operation is identical to that 
described above in the Reset section. 
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Pin Definitions 

Power end Qroyipd 

Power and ground feeds to the various functional blocks on the chip are kept separate to prevent switching noise 
from one block from affecting another. Many of the functional blocks have distinct power and ground pins which, at a 
minimum, have to be interconnected on the power and ground planes, respectively, on the printed circuit board. The 
Application Information section has guidelines on how optimal power distribution and supply decoupling should be 
done. 



Symbol 

AVDD1 
AGND1 

DVDD1 
DGND1 

IVDD 
IGND 



AVDD2 
AGND2 

DVDD2 
DGND2 

PVDD1 

PVDD2 

PVDD3 

PGND 

PGND3 

DVDD3 



DGND3 



Pin Signal Name / Function 

45 Analog VDD and GND for the Clock and Data Recovery block. For optimal supply decoupling, an RF 
48 quality 0.01 nF capacitor should be connected between the pins as close as possible to the pins. 

36 Digital VDD and GND for the Clock and Data Recovery block. For optimal supply decoupling, an RF 
39 quality 0.01 nF capacitor should be connected between the pins as close as possible to the pins. 

42 VDD and GND for the PECL Inputs. For optimal supply decoupling, an RF quality 0.01 nF capacitor 
40,44 should be connected between the pins as close as possible to the pins. Good isolation from supply 

noise should be provided on the printed circuit board. Otherwise, the jitter tolerance of the Clock and 

Data Recovery block will be impaired. 

Analog VDD and GND for the Clock Generation block. For optimal supply decoupling, an RF quality 
0.01 )jF capacitor should be connected between the pins as close as possible to the pins. 

Digital VDD and GND for the Clock Generation block. For optimal supply decoupling, an RF quality 
0.01 pF capacitor should be connected between the pins as close as possible to the pins. 

VDD and GND for the PECL Outputs. For optimal supply decoupling, an RF quality 0.01 pF capacitor 
should be connected between PVDD1 and PGND as close as possible to the pins. Another should be 
connected, likewise, between PVDD2 and PGND. PVDD3 should be decoupled to PGND3. 



21 
18 

13 
17 

27 
23 
28 
25 
31 

4,50 VDD for the Digital logic. If there is no VDD plane, each pin should be decoupled to the ground plane 
60,72 on the printed circuit board using RF quality 0.01 jjF capacitors. 
76 

56,65 Ground for the Digital logic. These pins should be connected to the ground plane of the printed circuit 
67,81 board. 
83 

Line (Network) Side I/O 

Symbol Pin Signal Name / Function 

SDINT 43 Serial Data In True and Complement. These differential PECL inputs receive the serial bit stream at 
SDINC 41 1 55.52 Mb/s from the line side. 

SDT 38 Signal Detect True and Complement. This low speed differential signal is received from the fiber optic 
SDC 37 receiver module. If the signal is TRUE, it indicates optical power is received by the module. If the signal 
is FALSE, the Clock and Data Recovery unit will not attempt to extract the timing information from the 
input bit stream. It will, instead, synchronize its voltage controlled oscillator (VCO) to the serial transmit 
frequency. If 'Signal Detecf is issued as a single-ended output by the fiber optic module, this output 
should be connected to SDT and the appropriate threshold should be provided to SDC (see Application 
Information). Note, if the user does not wish to engage the Signal Detect function, the RCC521 will 
operate properly if SDT and SDC are hardwired to a TRUE state. However, the standard implemen- 
tation, which employs the Signal Detect, is more robust in that it offers greater immunity to false lock. 

SDOT 26 Serial Data Out True and Complement. These differential PECL outputs transmit the serial bit stream 
SDOC 24 at 1 55.52 Mb/s to the fiber optic transmitter module. 
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Pin Definitions (continued) 

Line (Network) Side I/O (continued) 
Symbol pin Signal Name / Function 

SCKOT 30 Serial Clock Out True and Complement. In normal operation, these differential PECL outputs provide 
SCKOC 29 the serial receive clock recovered from SDINT and SDINC. In the TEST mode, these outputs provide 
the serial transmit clock corresponding to SDOT and SDOC. SCKOT and SCKOC should be disabled 
by deasserting ENRCK if the serial clock is not required for off-chip timing. 

Terminal Side I/O 



Symbol 

RBDO 
RBD1 
RBD2 
RBD3 
RBD4 
RBD5 
RBD6 
RBD7 
RBCLK 

FM 



TBDO 
TBD1 
TBD2 
TBD3 
TBD4 
TBD5 
TBD6 
TBD7 
TBCLK 

TFPN 



Timing 
Symbol 

REFCLK 



Pin 

61 
62 
63 
64 
68 
69 
70 
71 
66 

59 



77 

78 

79 

80 

84 

1 

2 

3 

82 

75 



Pin 

14 



Signal Name / Function 

Receive Byte Data 0-7. The deserialized data from the line is output to the terminal on this bus. RBD7 
is the MSB. It is received first. 



Receive Byte Clock. This is a 19.44 MHz clock signal corresponding to RBDO-7. It is used by the 
terminal electronics to clock in RBDO-7. RBDO-7 is clocked in by the falling edge of RBCLK. 

Frame Mark. This is a byte-wide pulse output at the frame frequency (8 KHz) of the received signal. 
The pulse is active high. It lasts for the duration of the third A2 byte of the framing pattern transmitted 
on RBDO-7. 

Transmit Byte Data 0-7.The octets meant for serialization are input to the RCC521 from the terminal 
on this bus/Transmission is big-endian, i.e., TBD7, which is the MSB, is transmitted first. 



SCKINT 
SCKINC 



15 
16 



Transmit Byte ClockThis is a 1 9.44 MHz clocksignal corresponding to TBDO-7. The RCC521 clocks 
in TBDO-7 on the falling edge of TBCLK. 

Transmit Frame Pulse Negative. This active low signal should be one byte wide and repeat at the 
transmit frame frequency. The RCC521 derives framing information from this signal. TFPN must be 
in phase with the third A2 byte of the framing pattern on TBDO-7. 

Signal Name / Function 

Reference Clock. A reference clock at 19.44 MHz should be provided on this pin. This clock should 
conform to the ANSI/CCITT requirements for clocks because the Clock Generation block uses 
REFCLK to synthesize the serial transmit clock. In external timing applications, REFCLK will normally 
be a derivative of the BITS clock. In Line, Loop and Through timing applications, where the transmit 
clock must be extracted from the received bit stream, RBCLK may be connected externally to REFCLK. 

Serial Clock In True and Complement. If a compliant serial clock is available and the on-chip 
synthesizer is not desired, the 1 55.52 MHz transmit clockcan be directly provided through these PECL 
inputs. The CFSEL control input should specify whether REFCLK or SCKINT/SCKINC is used. 
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Pin Definitions (continued) 

Timing (continued) 

Symbol Pin Signal Name / Function 

TRBC 7 Transmit Reference Byte Clock. The serial transmit clock is divided down to provide a clock output 
at 19.44 MHz. The terminal may derive TBCLK from this output. 

TRFPN 5 Transmit Reference Frame Pulse Negative. An inverted pulse one byte wide is output at the frame 
frequency by dividing down the serial transmit clock. This signal may be used by the terminal to derive 
TFPN. 

AREFI 11 Alternate Reference In and Out. In External timing applications, an optional 19.44 MHz timing 
AREFO 10 reference that is an alternate to REFCLK may be applied to AREFI and switched in using the ARE 
control pin. In timing applications where REFCLK or SCKINT/SCKINC is derived from the received data 
stream, an alternate reference is compulsory because the primary reference will be invalid until the 
Receive PLL establishes lock. If a reliable source is unavailable for AREFI, a fundamental mode crystal 
that will provide a 1 9.44 MHz ±200ppm frequency must be connected between AREFI and AREFO and 
the CSSEL control input must be set to a logic "1 ". The LDN control pin may be used to determine if 
the Receive PLL has established lock and then switch over to the primary reference. 



Alarm Signals 
Symbol Pin 

OOFN 49 



RFE 



Signal Name / Function 

Out Of Frame Negative. This positive edge triggered signal is asserted by holding OOFN low for at 
least two byte periods (105 ns). The RCC521 acts on the rising edge of OOFN after it has been low 
for the requisite two byte periods. OOFN resets the Receive Section with the exception of the Clock 
and Data Recovery block. When OOFN is asserted, the RCC521 initiates a new frame search. Until 
the RCC521 gets back in frame, RBDO-7 and RBCLK will continue to be output based on the previous 
demarcation of byte boundaries. 
51 Receive Frame Error. This is a one byte wide pulse output in phase with the third A2 byte of the framing 
pattern on RBDO-7. RFE is output only if a framing pattern is not detected where one is expected. 



OOF 52 Out Of Frame. This active high output is asserted for as long as the RCC521 is in the Out Of Frame 
condition. The RCC521 will enter the OOF condition from the In Frame condition if four consecutive 
frames have framing pattern errors. To re-enter the In Frame condition, two consecutive error-free 
framing patterns must be detected. OOF is disabled if FFRM="0". 

LOF 53 Loss Of Frame. This active high output is asserted if OOF is high for 24 frames (3 ms). OOF is de- 
asserted when eight consecutive error free framing patterns are detected. LOF is disabled if FFRM="0 M . 



LOS 54 Loss Of Signal. This active high output is asserted if the serial input bit stream is stuck high or stuck 
low for more than 25±5 pS. It is de-asserted when two consecutive error-free framing patterns are 
detected. 

BIPERR 57 Bit Interleaved Parity Error. If ENSCP="1 the result of the B1 parity check is output on this pin as 
a series of byte wide pulses in phase with RBCLK. The first BIPERR pulse denotes an error in the Bit- 
7 positon. This pulse is output synchronously with the B1 byte on RBDO-7. BIPERR pulses that occur 
in any of the subsequent seven byte intervals indicate errors in the corresponding B1 bit positions. 
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Pin Definitions (continued) 

Cp n trp l fflgngls 



Symbol 

FFRM 



Pin Signal Name / Function 



TLB 



LLB 



55 Full Framing Mode. This input is active high. When FFRM is M 1 ", the Framer block executes the full 
ANSI/CCITT procedure to establish framing and enter the In Frame condition. If FFRM="0 M , the part 
operates in the Recognition Only mode. In the latter case, the RCC521 establishes byte boundaries 
based on the first framing pattern recognized. The part then enters the In Frame condition and ceases 
verification of frame boundaries until OOFN is asserted. 
58 Terminal Loopback. This input is active high. When TLB is asserted, the serial transmit data is passed 
through to SDOT and SDOC and also looped back internally into the Clock and Data Recovery block. 
The result is identical to what would be achieved if SDOT and SDOC were tied externally to SDINT and 
SDINC, respectively. 

32 Line Loopback. This input is active high. When LLB is asserted, the received byte data is passed 
through to RBDO-7 and also looped back internally into the Transmit Section. The recovered clock is 
passed through and TBCLK is ignored. The result is identical to that achieved if RBDO-7 were 
connected externally to TBDO-7 and the receive timing substituted for the transmit timing. 
ENSCP 73 Enable Scrambling and Parity . This input is active high. If ENSCP= M 1 the scramblers and the parity 
circuits are enabled in the Transmit and the Receive sections. On the transmit side, the BIP-8 byte that 
was generated for the previous frame is substituted into the B1 position of the present frame. The data 
is scrambled and then transmitted serially. On the receive side, the serial input data is descrambled 
and the B1 byte is checked against the BIP-8 byte generated from the previous frame. Any errors are 
reported on BIPERR. If ENSCP="0 M , the transmit data is serialized and passed through without 
scrambling and B1 substitution. The receive data is simply deserialized without descrambling. The BIP- 
8 circuitry is disabled and no errors are reported on BIPERR. 
ARE 12 Alternate Reference Enable. This input is active high. If ARE="1 the Clock Generation block will 
internally switch its reference from REFCLK to AREFI. 

TEST 6 Test Mode. This input is active high. If the TEST input is held high for at least one byte interval, the 
RCC521 will enter the TEST mode. The Test mode is incorporated in the RCC521 to ease chip test 
in the factory. In the Test mode, the part operates assuming an implied frame length of 16 bytes. As 
in normal operation, the first six bytes comprise the framing pattern and the first nine bytes are not 
scrambled. However, the thirteenth byte is the implied B1 byte. The other six bytes may carry random 
data. In the Test mode, the serial transmit clock implied by SDOT/SDOC is output on SCKOT/SCKOC 
instead of the clock recovered from SDINT/SDINC. 

RESETN 74 Reset Negative. This input is positive edge triggered. RESETN must be held low for at least two byte 
intervals to be recognized. After this interval, the RCC521 executes a general reset on the ensuing 
rising edge of RESETN. On Reset, the Transmit PLL and the Receive PLL re-synchronize themselves. 
The Framer block enters the Seek Framing condition after giving the PLLs enough time to lock. All 
alarms are cleared. The transmit reference clocks are generated after the transmit PLL achieves lock. 
The transmit byte counter is reset and transmission resumes based on the first trailing edge of TBCLK 
received after the Transmit PLL has locked. 

ENRCK 34 Enable Receive Clock. This is an active high output. When it is asserted, the serial receive clock is 
output on SCKOT/SCKOC in normal operation, and the serial transmit clock is output on the same pins 
in the Test mode. In normal operation, if the recovered serial clock is not needed for off-chip timing, 
ENRCK should remain deasserted to conserve power and reduce switching noise. 

LDN 33 Lock Detect Negative. This is an active low output. LDN goes low when the Receive PLL locks onto 
the input bit stream on SDINT and SDINC. LDN is not asserted when the Receive PLL locks onto the 
transmit frequency during initial frequency alignment. 
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Pin Definitions (continued) 

Control Signals (continued) 
Symbol pin Signal Name / Function 



EPA 8 Enable Phase Alignment. This input is active high. The phase alignment circuit maintains the 
necessary interval between TBCLK and the internal clock which loads the parallel to serial converter 
in the Transmit section. If EPA= M 1 M , the phase alignment circuit will re-align the internal load clock 
should TBCLK drift by more than ±6ns with respect to the initial reference timing. If EPA= M 0 M , the phase 
alignment is established just once. 

CFSEL 9 Clock Frequency Select. This input specifies which of two primary references are used to generate 
the serial transmit clock. If CFSEL= M 1 the Clock Generation block expects a 1 9.44 MHz reference on 
REFCLK. If CFSEL="0 M , the Clock Generation block expects a 155.52 MHz differential clock on 
SCKINT and SCKINC. 

CSSEL 22 Clock Source Select. If CSSEL= M 0 M , the serial transmit clock is derived from the primary reference: 
either REFCLK or SCKINT/SCKINC. If CSSEL="r, the serial transmit clock is synthesized from 
AREFI. 



Symbol 

SD 

TLF1 
TLF2 

RLF1 
RLF2 



Pin Signal Name / Function 

35 Signal Detect. This is an active high output. The signal received on the differential PECL inputs SDT 
and SDC is translated to TTL levels and output on this pin. 

20 Transmit Loop Filter 1 and 2. The passive components that comprise the loop filter for the Transmit 
19 PLL are connected to these pins. See the Application Information section for component values and 
their effect on loop performance. 

46 Receive Loop Filter 1 and 2. The passive components that comprise the loop filter for the Receive 

47 PLL are connected to these pins. See the Application Information section for component values and 
their effect on loop performance. 
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DC Electrical Characteristics 



Symbol 


Parameters 


Test Conditions 


Min 


Typ 


Max 


Units 




TTL Inputs 












V 


Hlnh level Innut voltane 


DV -4 75V 


2.0 






v 


v t 


Low level Input voltage 


DV DD =5.25V 






0.8 


V 


> t 


Input leakage current 


DV DD =5.25V 






10 


MA 


c, 


Input capacitance 








3.0 


PF 




Positive-shifted ECL Inputs 












v„ 


High level Input voltage 


IV DD =5.0V 


3.7 




4.0 


V 


\ 


Low level Input voltage 


IV DD =5.0V 


3.0 




3.3 


V 




Input leakage current 


IV DD =5.25V 






1.0 


uA 


c l 


Input capacitance 








8 


PF 




TTL Outputs 














High level output voltage 


DV DD =4.75VJ M =-2mA 


4.25 






V 


Vol 


Low level output voltage 


DV DD =5.25V,l OL =4mA 






0.4 


V 


'ol 


High level output current 








4.0 


mA 


'oh 


Low level output current 








-2.0 


mA 




Positive-shifted ECL Outputs 












VoH 


High level output voltage 


PV DD =5.0V,R DIFF =50n 


3.7 


4.1 


4.4 


V 


Vol 


Low level output voltage 


PV DD =5.0V,R DIFF =50Q 


2.7 


3.3 


3.8 


V 


v 0D 


Differential output voltage 


PV DD =5.0V,R D|FF =50Q 


0.6 


0.8 


1.0 


V 




High level output current 


PV DO =5.0V,R DIFF =50a 


13 


16 


19 


mA 


"OH 


Low level output current 


PV DD =5.0V,R DIFF =50Q 


13 


16 


19 


mA 
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AC Electrical Characteristics 



Symbol 


Parameters 


Test Conditions 


Min 


Typ 


Max 


Units 




TTL Outputs 












*rise 


Rise time 


DV oo =5.0V,C L =15pF 


1.0 




8.0 


ns 


Wl 


Fall time 


DV OD =5.0V,C L =15pF 


1.0 




8.0 


ns 




Positive-shifted ECL Outputs® 












*rise 


Rise time 


PV DD =5.0V,R o|FF =50aC L =20pF 






1.1 


ns 


*FALL 


Fall time 


PV DO =5.0V,R DIFF =50Q,C l =20pF 






1.1 


ns 




f^Iivk . litter frmc) 












J 

''gem 


Jitter Generation* 














Total lifter In the rJiffprpnffal 


f_1 ttc ROMM7 / 015.1 \ DRRQP) 








ps 






R -RAO P -9flnF 












Ranrirtm iittor In TRRf* 
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00 


ps 


§ 

"TRANSF 


1 Iff or Trancfoi" 

WlllCl lldlldlVI. 














OcTldl nevclVe liipui lU OcTldl 


/Fist ^\ Caflsil llf\ le frA/f m/\Hii_ 

trig. *»/, 061 lai i/p is ireq. mouU" 
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Jitter Gain 


10Hz<f^l30 kHz 






0.1 


dB 




Jitter Gain Rolloff 


f>130kHz 


-20 






dB/dec 




REFCLK/AREFI to TRBC 














Jitter Gain 


10Hz<f<80kHz 






0.1 


dB 




Jitter Gain Rolloff 


f>80kHz 


-20 






dB/dec 


Jtol 


Jitter Tolerance: 














Serial Receive Input (SDINT- 


Input jitter conforms to the 






1 


dB 




SDINC) amplitude penalty 


mask in Figure 5. BER=10* 10 











Notes: 

2. The PECL outputs are current mode outputs with a nominal cur- 
rent drive of 16 mA. The outputs are designed to give a nominal 
swing of 800 mV when used in conjunction with a differential 
load of 50a 

3. Jitter number includes data dependent and random jitter. Data 
dependent jitter is measured by inserting a 2 15 -1 pseudo-ran- 
dom bit sequence in byte-organized fashion at TBDO-7 with the 
chip in the bypass mode. 

4. Random jitter on TRBC is measured by applying a low-jitter (<10 
ps rms) square wave to REFCLK, measuring the random jitter in 
TRBC on a high speed digital sampling oscilloscope, and sub- 
tracting out the trigger jitter in rms fashion. 
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Jitter Transfer Characteristic from the Serial Receive Input to 
the Serial Receive Clock 

dB 



0.1 



Jitter Gain 



////////// 



Acceptable Range 




Slope « -20 dB/decade 



130K 

Frequency 



Hz 



65-61 97M 



Figure 4 



Jitter Tolerance Mask for the Serial Receive Input 




! ! ■ 

i 

1 ! ! > > 

10 30 300 6.5K 65K Hz 



Frequency 65-6198 

Figure 5 
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Timing Relationships 



Symbol 


Parameter Description 


Mln 


Typ 


Max 


Units 


T1 


TBM-7 setup time to ftiimg edge of T3CLK 


5,0 






ns 


T2 


TBDO-7 hold time after falling edge of TBCLK 


5.0 






ns 


T3 


TFPN setup time to falling edge of TBCLK 


5.0 






ns 


T4 


TFPN hold time after falling edge of TBCLK 


5.0 






ns 


T5 


TBCLK clock period 


-2Q ppm 


51.4403 


±2£Lppm 


ns 


T5 


TBCLK puisewidth high 


18 






ns 


T7 


TBCLK pulsewidth low 


18 






ns 


T9 


RBDO-7 output delay after the falling edge of RBCLK 


0 




10 


ns 


T9 


FM output delay after falllnq edae of RBCLK 


0 




10 


ns 


T10 


RBCLK clOCk period 


-20 ppm 


51.4403 


t20 ppm 


ns 


T11 


RBCLK oulsewidth high 


22 






ns 


T12 


RBCLK pulsewldth low 


22 






ns 


T13 


FM pulsewldth 


47 


51.44 


56 


ns 


T14 


Offset of rising edge of Serial Clock Out (SCKOT-SCKOC) from 
centre of bit cell of Serial Data Out (SDOT-SDOC) In Test Mode 


-0.5 




0.5 


ns 


T15 


(SCKOT-SCKOC) pulse period 


-?o ppm 


0,43 


t20ppm 


ns 


T15 


(5CK0T-SCK0C) pulsewldth low 


3.0 


3.215 




ns 


T17 


(SCKOT-SCKOC) pulsewldth high 


3.0 


3.215 




ns 


T18 


Delay from falling edge of TBCLK to centre of bit cell of MSB of 
bvte outout on (SDOT-SDOC) 






40 


ns 


T19 


Delay from falling edge of LSB on (SDINT-SDINC) to falling 
edge of RBCLK for the corresponding byte 






40 


ns 


T20 


TRFPN falling edge output delay after rising edge of TRBC 


0 




10 


ns 


T?1 


trfpn pulsewldth 


47 


51.44 


5? 


ns 


T22 


TRBC period 


-20 ppm 


51.4403 


+20 ppm 


ns 


T23 


TRBC pulsewldth high 


22 






ns 


T24 


TRBC pulsewldth low 


22 






ns 




RESETN nukewfdth 
nebcin puiopwiijiii 


105 






-lis? 


T26 


Delav from risina edae of RESETN to rislna edge of valid TRBC 






5Q0 


lis 


T27 


Delay from first valid rising edge of TRBC to first valid falling 
edge of TRFPN 


0 




10 


ns 


T28 


Delay from rising edge of RESETN to leading edge of valid 
(SCKOT-SCKOC) when serial Input is present 






1.2 


ms 


T29 


Delay from falling edge of RBCLK to leading edge of BIPERR 
output bit 


0 




10 


ns 
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Section 3 
Standard Products 



Raytheon Semiconductor offers a comprehensive line of 
standard products serving a wide variety of applications 
in diverse commercial, industrial and military markets. 
Applications that include video processing, medical 
imaging, data acquisition, instrumentation, guidance 
control systems, radar and many others. 

Addressing video signal synthesis and graphics 
applications, to name a few, are Raytheon's A/D and D/A 
converters, ranging from 4-bits at 200 Msps up to 12-bits 
at 50 Msps. 

Signal processing functions are performed by our 
Transform and Vector Processing, Correlator, Fixed- 
Point Arithmetic and Memory/Storage products. 



Standard Linear products have provided solutions for 
designers since the early 1960s. Products such as 
precision op amps, comparators, voltage references, 
DACs and regulators are manufactured using the 
company's own bipolar junction isolated process, and 
can be screened to JAN Class B. 

Raytheon's PROMs include standard and power- 
switched versions in many different speeds and 
packages and have high immunity to total dose radiation, 
making these products especially suitable for military 
applications. 

Small signal transistors round out Raytheon's Standard 
Products offering. Both sole source and industry- 
standard types are available, and support many existing 
commercial and military applications. 
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Raytheon Semiconductor offers a line of high performance 
A/D converters that addresses applications requiring 
conversion rates from less than 1 Msps to 40 Msps. We 
pioneered the monolithic video A/D converter in 1977, and 
in 1989 received an Emmy Award for our contributions to 
the field of video conversion. The current offerings are the 
fourth generation products of Raytheon Semiconductor's 
commitment to quality video conversion. 

For standard video bandwidth conversion, you cant beat 
the TMC1 175 8-bit 40 Msps CMOS A/D, which is available 
in a 24 lead SOIC package, and consumes less than 150 
mW. For low voltage applications, the new TMC1 1 73 
operates at 10 Msps with a supply voltage of 2.7 to 3.3V 
and only requires 90 mW. 



New to the family of video converters is the TMC22070 
Genlocking Video Digitizer. This fully-integrated 
acquisition system includes everything needed to convert 
analog NTSC or PAL video into a composite digital video 
signal. The digitizers generate a line-locked sampling 
clock, adjust the gain and offset of the incoming video, 
digitize it, and measure the phase and frequency of the 
color burst for further processing. 

The TDC1035 is an innovative new product that digitizes 
the peak value of a pulse (as narrow as 12 ns) that 
occurs any time during a user-defined "window". It is 
ideal for high-energy physics experiments, electronic 
warfare and general purpose instrumentation. 
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< 



Resolution 
Product Bits 


Conv. 
Rate 1 

(Msps) 


DMC/DMC 
SNR 1 

(dB) 


Package 


Grade 2 


Notes 


TDC1044 


4 


25 




B9, N9 


C, V, SMD 




TDC1046 


6 


25 


33 


B8 


C, V, SMD 




TDC1047 


7 


20 


39 


B7 


c,v 




TDC1147 


7 


15 


36 


B7 


c,v 


No pipeline delay. Well suited to subranging 
converter applications. 


TDC1035 


8 






B7 


c,v 


Peak digitizer. Digitizes peak value of pulses as 
narrow as 12 ns. 


TMC22071 


8 


15 




R1 


C 


Genlocking digitizer with input MUX, clamp, sync 
separator, clock generator, subcarrier PLL 


TDC1038 


8 


20 


45 


B6, N6, R3 
E1 


c,v 


Low power version of TDC1048. 


TDC1048 


8 


20 


45 


B6, N6 
C3, E1 


C, V, SMD 


Industry standard video A/D. 


TDC1058 


8 


20 


45 


B6, N6, R3, 
E1 


C 


New industry standard video A/D. Single +5V 
power supply. TDC1048 performance equivalent. 


TMC1 173-10 
-05 


8 
8 


10 
5 


45 
45 


M7.N2, R3 
M7, N2, R3 


C 
C 


Low power CMOS video A/D with integral Track/Hold. 
+2.7V to +3.3V power supply. 


TMC1 175-20 

-30 
-40 


00 OO OO 


20 

30 
40 


45 

45 
45 


B2, N2, C3, 
M7.R3 
M7, N2, R3 
M7, N2, R3 
E1 


c,v 

c,v 
c,v 
c 


Low power CMOS video A/D with integral Track/Hold. 
Includes TDC3310D/A 


TDC1049 


9 


30 


48 


JO, J3, C1, 
L1.G8, E1 


C, V, SMD 


ECL interface 


TDC1020 


10 


20 


55 


J1,G0, E1 


C.Y 


Monolithic video A/D, TTL interface. ±2V input range. 



1 . Guaranteed. See product specifications for test conditions. 

2. A = High reliability, T c « -55°C to 1 25°C. 
B * Industrial, T c = -25°C to 85°C 

C = Commercial, T A = 0°C to 70°C. 

F - Extended Temperature Range, T c « -55°C to 125°C 

V - MIL-STD-883 Compliant, T c - -55°C to 125°C. 

SMD - Available per Standardized Military Drawing, T c = -55°C to 125°C. 

3. A * High reliability, T c = -20°C to 95°C. 



For More Information call 1-800-722-7074. 
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TDC1020 

High-Speed Monolithic AID Converter 

10-Bit, 20 Msps 



Description 

The TDC1020 is a 20 Msps (Megasample per second) 
full-parallel (flash) analog-to-digital converter, capable of 
converting a video signal into a stream of 1 0-bit digital 
words. 

All outputs of the device are TTL compatible, and will 
provide the conversion in unsigned magnitude, or two's 
complement format, and either inverted or noninverted. 
An output signal indicating overflow condition is also 
provided for added flexibility. All digital inputs to the 
device are TTL compatible. 



Functional Block Diagram 



Features 

♦ 10-bit resolution 

♦ 20 Msps conversion rate 

♦ Overflow flag 

♦ Sample-and-hold circuit not required 

♦ TTL digital interface 

♦ Selectable output format 



Applications 

♦ Medical imaging systems 

♦ Video data conversion 

♦ Radar data conversion 

♦ High-speed data acquisition 

♦ Process control 




For More Information call 1-800-722-7074. 
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Functional Description 
General Information 

The TDC1020 is a flash analog-to-digital (A/D) converter 
in which each of the 1024 comparators has one input 
biased at one of the transition points of the transfer 
function and all of the other comparator inputs are 
connected to the analog input signal. The output of the 
comparator array is sometimes referred to as a 
"thermometer" code as all of comparators biased at 
voltages more positive than the input voltage will be off 
and the rest will be on. The thermometer code from the 
comparator array is encoded into an 11 -bit code (10 data 
bits plus an overflow bit). The format of the code that is 
encoded is determined by the format controls NMINV 
and NLINV so that the data presented to the output 
latches is in binary, two's complement or inverted data 
format. 

Power and Thermal Management 

The TDC1020 operates from two supply voltages, +5.0V 
and -5.2V. The bulk of the current drawn by the 
positive supply is returned through the negative supply, 
however, the positive supply should be referenced to 
digital ground (Dqnq) and the negative supply to analog 
ground (Ag|\|p). All power and ground pins must be 
connected. The maximum power is drawn at the lower 
limit of the operating temperature range. When the 
device is being operated at elevated temperatures, the 
power dissipation drops, however, thermal management 
will then be a consideration. The TDC1020 is rated for 
operation in a 70°C ambient temperature in still air. 

The power dissipation decreases with increasing 
temperature. TRW specifies the absolute maximum I^e 
and Ice specifications in the Electrical Characteristics 
Table. The worst case conditions are Vcc = 5.25V, 
Vee=-5.5V and the case temperature equal to 0°C. 
The case temperature of 0°C is, however, a transient 
condition since the device immediately warms up and 
decreases its power dissipation, upon power up. For 
typical steady state power dissipation as a function of 
ambient temperature, please see Figure 7. 

It is possible to relax the temperature requirements of 
the device by providing adequate heat sinking. 



Reference 

The bias voltages for the comparator array are provided 
by use of a serial chain of 1024 equal-valued resistors 
across which the reference voltage is applied. Seven 
equally separated mid-point adjustment taps are provided 
to allow the user to optimize the integral linearity of the 
device. In addition, there are sense leads on the top and 
bottom of the resistor chain which allow the user to 
minimize the offset and gain errors of the device. It is 
recommended that the user drive R|\/|2' R|VI4 anc ' ^M6 
in order to obtain optimal device performance. One 
method for driving the references is shown in the 
Typical Interface Circuit. The reference top and 
reference bottom sources must be able to source or sink 
the reference current and since noise on these leads will 
lead to inaccurate conversions, they should be bypassed 
with a capacitor to Aqinjd- There are in addition 4 more 
reference taps, the use of which is not required to obtain 
0.1% integral linearity. It is recommended that these pins 
be left open (no connection). 

Format Control 

There are two inputs provided on the TDC1020 which 
control the output format of the device. When NMINV is 
connected to a logic LOW, the MSB is inverted. When 
NLINV is connected to a logic LOW D2 through Dig will 
be inverted. By using various combinations of these 
commands the user can select any of the following 
output data formats: binary, inverted binary, two's 
complement, inverted two's complement. The Output 
Coding Table shows the output formats generated for 
each of the control states. 

Convert 

The analog input to the TDC1020 is sampled at a time 
tsTO a ft er the rising edge of the CONV signal. The 
output data from the 1024 comparators is encoded into 
the proper format and the final result is transferred to 
the output latches on the next rising edge. This timing is 
shown in the Timing Diagram (Figure I). Note that 
there are minimum LOW and HIGH requirements of the 
CONV signal (tpwH* tpWLl which must be met for 
proper device operation. In addition, the performance is 
generally improved if the CONV signal is LOW for as 
long as possible. A circuit which provides an optimized 
waveshape CONV signal to the TDC1020 is shown on 
the Typical Interface Circuit. 
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Analog Input 

The analog input to the TDC1020 has an equivalent 
circuit shown in Figure 2. It should be noted that the 
major component of the input impedance is capacitance, 
and the input range is 4Vp-p. A low-impedance driving 
circuit is recommended for the TDC1020 to obtain good 
dynamic performance. All analog inputs to the TDC1020 
must be connected to insure proper operation of the A/D 
converter. 

Outputs 

The data and overflow outputs of the TDC1020 are TTL 
compatible, capable of driving four low power Schottky 

TDC1020 Package Interconnections 



Signal 
Type 


Signal 
Name 


Function 


Value 


J1 Package Pins 


GO Package Pins 


Power 


v cc 


Positive Supply Voltage 


5.0V 


13, 14, 19, 20, 40, 58 


K4, K5, L7, K8, C11, B1 


Vff 


Negative Supply Voltage 


-5.2V 


12, 15, 16, 17, 18, 21 


L3, L5, K6, L6, K7, L8 




Digital Ground 


0.0V 


10, 11, 22, 23 


L2, K3, L10, K10 


^GND 


Analog Ground 


0.0V 


43, 55 


A10, A3 


Reference 


R T 


Reference Resistor, Top 


2.0V 


59 


C2 


R OFS 


flx/prflnw ^pnQP 


2.0V 


57 


B2 


R TS 


Reference Resistor, Top Sense 


2.0V 


60 


CI 


R M1 


Reference Resistor, 1/8 Tap 


1.5V 1 


54 


B3 


R M2 


Reference Resistor, 2/8 Tap 


1.0V 1 


53 


A4 


R M3 


Reference Resistor, 3/8 Tap 


0.5V 1 


51 


A5 


R M4 


Reference Resistor, 4/8 Tap 


0.0V 1 


49 


B6 


R M5 


Reference Resistor, 5/8 Tap 


-0.5V 1 


47 


A8 


R M6 


Reference Resistor, 6/8 Tap 


-1.0V 1 


45 


A9 


R M7 


Reference Resistor, 7/8 Tap 


- 1.5V T 


44 


B9 


R B 


Reference Resistor, Bottom 


-2.0V 


39 


C10 


R BS 


Reference Resistor, Bottom Sense 


-2.0V 


41 


B11 


Format Control 


NMINV 


Not MSB Invert 


TTL 


63 


E2 


NUNV 


Not LSB Invert 


TTL 


28 


J11 


Convert 


CONV 


Convert 


TTL 


36 


D11 


Analog Input 


V|N 


Analog Signal Input 


+ 2 to -2V 


46, 48, 50, 52 


B8, B7, B5, B4 


Outputs 


OVF 


Overflow 


TTL 


1 


E1 


OVF 


Overflow Complement 


TTL 


2 


F2 


D 1 MSB 


Most Significant Bit 


TTL 


3 


F1 


D 2 




TTL 


4 


G2 


D 3 




TTL 


5 


G1 


D 4 




TTL 


29 


H10 


D 5 




TTL 


30 


H11 


D 6 




TTL 


31 


G11 



Note: 1. Measured values. 
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TTL (54/74 LS) unit loads. The outputs hold the previous 
data a minimum time t h 0 a ^ er ^ e r ' sin 9 ec '9 e of the 
CONV signal. New data becomes valid after a maximum 
delay time, tp. 

No Connects 

There are several pins labelled No Connect (NC) which 
have no electrical connection to the chip. These pins 
should be connected to A^ND f° r best noise 
performance. 
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TDC1020 Package Interconnections (cont.) 



Signal 
Type 


Signal 
Name 


Function 


Value 


J1 Package Pins 


GO Package Pins 


Outputs 


D 7 




TTL 


32 


F10 








TTL 


33 


F11 




D 9 




TTL 


34 


E11 




D 10 LSB 


Least Significant Bit 


TTL 


35 


D10 


No Connects 


NC 


No Connection 


Open 


6, 7, 8, 9, 24, 25, 26, 27, 
37, 38, 42, 56, 61, 62, 64 


H2, H1, J2, J1, K1, K2, L4, 
K9, L9, K11, J10, G10, E10, 
B10, A7, A6, A2, D2, D1 



Output Coding Table 





Binary 


Offset Two's Complement 




True 


Inverted 


True 


Inverted 




NMINV=1 


NMINV = 0 


NMINV=0 


NMINV=1 


Input 


NLINV=1 


NLINV=0 


NLINV=1 


NLINV=0 




MSB -LSB (OVF) 








>2.000V 


0000000000(1) 


1111111111(1) 


1000000000(1) 


0111111111(1) 


2.000V 


0000000000(0) 


1111111111(0) 


1000000000(0) 


0111111111(0) 


1.996V 


0000000001(0) 


1111111110(0) 


1000000001(0) 


0111111110(0) 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


0.004V 


0111111111(0) 


1000000000(0) 


1111111111(0) 


0000000000(0) 


0.000V 


1000000000(0) 


0111111111(0) 


0000000000(0) 


1111111111(0) 


-0.004V 


1000000001(0) 


0111111110(0) 


0000000001(0) 


1111111110(0) 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


-1.996V 


1111111110(0) 


0000000001(0) 


0111111110(0) 


1000000001(0) 


-2.000V 


1111111111(0) 


0000000000(0) 


0111111111(0) 


1000000000(0) 



Note: Input voltages are at code centers. 
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Figure 1. Timing Diagram 
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Figure 2. Simplified Analog Input Equivalent Circuits 




REFERENCE 
EE RESISTOR 
CHAIN 



Vim O- 



C IN =4= 



*R| N 



V EEA 



V RB 



O 

+2.4V 



C jN IS A NONLINEAR JUNCTION CAPACITANCE 

V RB IS A VOLTAGE EQUAL TO THE VOLTAGE ON PIN R B 21 378A 



Figure 3. Equivalent Input Circuits 
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Absolute maximum ratings (beyond which the device may be damaged) 1 



Supply Voltages 

Vqq (measured to Dq^q) -0.5 to +6.0V 

V^e (measured to Aq|\jq) +5.0 to -6.0V 

A GND (measured to Dq^q) -1.0 to + 1.0V 

Input Voltages 

CONV, NMINV, NLINV (measured to D GND ) -0.5 to +5.5V 

V )N (measured to A GND ) V cc to V EE V 

Any reference (measured to A^q) Vqq to Vj^V 

V R -j- (measured to V RB ) -1.0 to + 4.4V 

Output 

Applied voltage measured to Dq^q 2 -0.5 to +5.5V 

Applied current, externally forced 34 -1.0 to + 6.0mA 

Short-circuit duration (single output in HIGH state to ground) 1 Second 

Sense lead current -1.0 to 1.0mA 



Temperature 

Operating, ambient -55 to +90°C 

junction +175°C 

Lead, soldering (10 seconds) +300°C 

Storage -65 to +150°C 



Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 



Operating conditions 







Temperature Range 








Commercial 


Extended 




Parameter 




Min 


Norn 


Max 


Min 


Norn 


Max 


Units 


v C c 


Positive Supply Voltage 


4.75 


5.0 


5.25 


4.75 


5.0 


5.25 


V 


vee 


Negative Power Supply Voltage 


-4.9 


-5.2 


-5.5 


-4.9 


-5.2 


-5.5 


V 


V AGND 


Analog Ground Voltage (measured to Dq^q) 


-0.1 


0.0 


0.1 


-0.1 


0.0 


0.1 


V 


l PWL 


CONV Pulse Width, LOW 


22 






22 






ns 


*PWH 


CONV Pulse Width, HIGH 


18 






20 






ns 


V|L 


Input Voltage, Logic LOW 






0.8 






0.8 


V 


V|H 


Input Voltage, Logic HIGH 


2.0 






2.0 






V 


>0L 


Output Current, Logic LOW 






4.0 






4.0 


mA 


'oh 


Output Current, Logic HIGH 






-400 






-400 




V RM2 


Reference Tap, 1/4-Scale 


0.8 


1.0 


1.2 


0.8 


1.0 


1.2 


V 


V RM4 


Reference Tap, 1/2-Scale 


-0.2 


0.0 


0.2 


-0.2 


0.0 


0.2 


V 


V RM6 


Reference Tap, 3/4-Scale 


-0.8 


-1.0 


-1.2 


-0.8 


-1.0 


-1.2 


V 


Vrt 


Most Positive Reference Voltage 


1.8 


2.0 


2.2 


1.8 


2.0 


2.2 


V 


Vrb 


Most Negative Reference Voltage 


-1.8 


-2.0 


-2.2 


-1.8 


-2.0 


-2.2 


V 


Vrt-Vrb 


Reference Voltage Differential 


3.6 


4.0 


4.4 


3.6 


4.0' 


4.4 


V 
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Operating conditions (cont.) 





Temperature Range 






Commercial 


Extended 




Parameter 


Min 


Norn 


Max 


Min 


Norn 


Max 


Units 


V||yj Input Voltage Range 


Vrb 


±2.0 


Vrt 


v RB 


±2.0 


Vrt 


V 


T"a Ambient Temperature, C-Grade 


0 




70 








°C 


Tq Case Temperature, V-Grade 








-55 




125 


°c 



Electrical characteristics within specified operating conditions 









Temperature Range 










Commercial 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


'cc 


Total Positive Supply Current 


v CC =v EE = Max 




850 




850 


mA 


'EE 


Total Negative Supply Current 


V EE = Max 




-500 




-500 


mA 


'ref 


Reference Current 


V RT' V RB = Nom 




50 




50 


mA 


R REF 


Reference Chain Resistance 


V RT' V RB = Nom 


80 




80 




Ohms 


R IN 


Analog Input Resistance 


V RT' V RB = Nom, V, N = V RB 


3000 




2000 




Ohms 


C IN 


Analog Input Capacitance 


V RT' V RB = Nom, V, N =V RB 




300 




300 


PF 


'CB 


Input Constant Bias 


V EE = Max 




2 




3 


mA 


'IL 


Input Current, Logic LOW 


V cc = Max, V r 0.5V 




50 




50 


/LlA 


>IH 


Input Current, Logic HIGH 


V cc =Max, V| = 2.4V 




100 




100 


/*A 


l| Input Current, Maximum 


V cc = Max, Vt = 5.25V 




100 




100 


/iA 


vol 


Output Voltage, Logic LOW 


Vqq = Min, lQ|_ = Max 




0.5 




0.5 


V 


Voh 


Output Voltage, Logic HIGH 


VrjQ = Min, lQL=Max 


2.4 




2.4 




V 


'os 


Short-Circuit Output Current 


VQQ = Max, output HIGH, one pin to 
ground, one second duration max. 




-35 




-35 


mA 


C| 


Digital Input Capacitance 


T A =25°C, f=1MHz 




15 




15 


PF 



Switching characteristics within specified operating conditions 







Temperature Range 








Commercial 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


F5 Maximum Conversion Rate 


V EE = Min, Vrjc=Min 


20 




20 




Msps 


*ST0 Sampling Time Offset 


V EE = Max, VfjQ=Max 


3 


17 


3 


17 


ns 


tg Output Delay 


V EE = Max, VfjQ=Max 




37 




43 


ns 


t|_|Q Output Hold Time 


Vr£f£ = Max, VQQ = Max 


5 




5 




ns 
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System performance characteristics within specified operating conditions 



Parameter 


Test Conditions 


Typ 


Temperature Range 


Units 


Commercial 


Extended 


Min 


Max 


Min 


Max 


E|_| Linearity Error, Integral 


Reference Taps Open 


±0.1 




±0.2 




±0.2 


% 


E|_| Linearity Error, Integral 


Reference Taps Adjusted 


±0.05 




±0.1 




±0.1 


% 


E[_q Linearity Error, Differential 


Reference Taps Open 


±0.05 




±0.1 




±0.1 


% 


CS Code Size 






5 


225 


5 


225 


% Nominal 


Eqj Offset Error, Top 








25 




30 


mV 


Egg Offset Error, Bottom 








-30 




-35 


mV 


Tqq Offset Error Tempco 








±10 




±20 


/*A/°C 


tjp Transient Response 


Full-Scale Input Step, 
Settling to +32 LSBs 


20 




30 




30 


ns 


BW Full-Power Bandwidth 


Full-Scale Input 


10 


5 








MHz 


SNR Signal-to-Noise Ratio 


Note 1 

F| N = 1.0MHz 


60 


58 




58 




dB 


F| N = 2.0MHz 


59 


56 




56 




dB 


F| N = 5.0MHz 


56 


52 




52 




dB 


F| N = 8.0MHz 


54 


47 








dB 


F| N = 10.0MHz 


52 


43 








dB 


SINAD Signal-to-Noise And Distortion 


Note 1 

F| N = 1.0MHz 


59 


55 




52 




dB 


F| N = 2.0MHz 


58 


52 




52 




dB 


F| N = 5.0MHz 


54 


48 




45 




dB 


F| N = 8.0MHz 


48 


41 








dB 


F| N = 10.0MHz 


43 


39 








dB 


THD Total Harmonic Distortion 


Note 1 

r 1 nitjiu-. 

F||\j = l.OMHz 


-66 


-58 




-53 




dBc 


r o ni\/ii_i-» 
h||\| = z.0MnZ 


-64 


-56 




-53 




dBc 


F||\| = 5.0MHz 


-58 


— OZ 




AR 




dBc 


Fim = 8 0MHz 


-50 


-43 








dBc 


F jN = 10.0MHz 


-44 


-41 








dBc 


SFDR Spurious-Free Dynamic Range 


Note 1 

FiM = l.OMHz 

MM 


70 


Do 




Do 




dB 


F| N = 2.0MHz 


68 


54 




54 




dB 


F )N = 5.0MHz 


63 


48 




48 




dB 


F| N = 8.0MHz 


55 


40 








dB 


F iN = 10.0MHz 


48 


35 








dB 


E^p Aperture Error 








50 




50 


ps 


DP Differential Phase 


F s = 4x NTSC Subcarrier, 
Reference Taps Adjusted 


0.3 




0.5 






Degree 


DG Differential Gain 


F s = 4xNTSC Subcarrier, 
Reference Taps Adjusted 


0.8 




1.0 






% 



Note: 1. F s = 20Msps, Reference Taps Adjusted, V cc =V EE =Nom, T A =25°C. 
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Typical Performance Curves 



A. Typical SNR vs. Input Frequency B. Typical Supply Current vs. Temperature 




INPUT FREQUENCY (Hz) -300 
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Calibration 

Calibration of the TDC1020 consists of adjusting the 
reference taps so that the converters integral linearity, 
gain and offset errors are minimized. To minimize the 
offset errors the sense leads must be used properly. The 
sense leads are not designed to carry very much current 
(<1mA) and should therefore be used in a feedback 
loop to a high-impedance input such as that shown in 
the Typical Interface Circuit. When a circuit similar to 
that in the Typical Interface Circuit is used for 
generating the reference voltages, calibration can be 
achieved with the following procedure: 

1. Apply an input to the input amplifier which is 

1/2 LSB less than full-scale (A/D input = 1.998V) and 
adjust the gain so that the output of the A/D is 
toggling between full-scale and one LSB below full- 
scale (1111111111 and 1111111110 for binary 
conversions). 

2. Apply an input to the input amplifier which is 
1/2 LSB greater than zero-scale (A/D input = 
-1.998V) and adjust Vrb via the Vpg pot so that 
the output of the A/D is toggling between 0 and 1 
(0000000000 and 0000000001 for binary 
conversions). 

The A/D converter will now be calibrated to provide 
accurate conversions throughout its input range. To 
optimize the integral linearity of the device set up the 
"Subtractive Ramp Test" described on page 6 of the 
TRW Applications Note TP-30, "Understanding Flash 
AID Converter Terminology" then adjust the mid-point 
taps to minimize the bow in the error curve. 

Typical Interface 

A Typical Interface Circuit is shown of the TDC1020. The 
analog input amplifier, a THC4231, is used to directly 



drive the A/D converter. This amplifier is set up to have 
a gain of four and will provide the recommended +2 to 
-2V input signal to the TDC1020 when it has a 1Vp-p 
input signal. All four analog input pins are connected in 
parallel to decrease the parasitic inductance. An LM313 
is used to provide a stable reference voltage which is 
buffered by a dual op-amp, generating Vrj and Vrb- 
Both op-amps have their outputs buffered by an emitter 
follower to decrease the output impedance seen by the 
reference resistor chain. To minimize noise coupling into 
the reference resistor chain, bypass capacitors have been 
added, bypassing the reference taps to ground. 

Since capacitive coupling from the digital signals to the 
analog input will adversely affect the converter perform- 
ance, careful attention to board layout is recommended. 

As is true with most bipolar integrated circuits, the 
substrate of the TDC1020 (Vee) must be the most 
negative potential applied. This rule applies for all 
conditions of temperature, signal level and power supply 
sequencing. In many systems, the voltage reference 
generators and input driving amplifier are powered from 
voltages greater than the +5 and -5.2V of the 
TDC1020. Whenever this situation occurs, it is always 
possible for the Vee inputs of the TDC1020 to be 
positive with respect to the V||\| or Vrb inputs when 
power supplies are cycled ON and OFF. 

To protect the TDC1020 from latch-up due to substrate 
bias, TRW recommends the use of a 1N5818 Schottky 
diode connected between Vee anc ' V|N and another 
between Vee anc l ^RB with the anode of each diode 
connected to Vee- The diodes prevent V|j\j and Vrj from 
going more than 0.4V more negative than Vee- This 
protection circuit is shown in Figure 5. 
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Figure 5. Typical Interface Circuit 




2 


4 


3 


6 


4 


11 


5 


13 


29 


14 



(LSB)D 1Q 



12,15 


16,17 


18,21 












1 



0.1 |iF 

m 



16 




V cc GND 


1D 


1Q 


2D 


2Q 


3D 


3Q 


74LS174 


4D 


4Q 


5D 


5Q 


6D 


6Q 


CLK 


CLR 



v cc 



GND 



74LS174 
4D 4Q 

5D 5Q 

6D 6Q 

CLK CLR 



^ CLOCK 
VJ INPUT 



1 



0.1 ^iF 



R1, R2 2KO 10 - TURN POTENIOMETER 
INDUCTORS: FAIR-RITE #2743 001112 



DIGITAL v 
GROUND ' 
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Ordering Information 



Product 


Temperature Range 


Screening 


Package 


Package 


Number 








Marking 


TDC1020J1C 


STD-T A = 0°C to 70°C 


Commercial 


64 Pin Hermetic Ceramic DIP 


1020J1C 


TDC1020J1V 


EXT-T C =-55°C to 125°C 


Military 


64 Pin Hermetic Ceramic DIP 


1020J1V 


TDC1020G0C 


STD-T A = 0°C to 70°C 


Commercial 


68 Pin PGA 


1020G0C 


TDC1020G0V 


EXT-T C =-55°C to 125°C 


Military 


68 Pin PGA 


1020G0V 



Pin Assignments 

68 Pin Grid Array - GO Package 



Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


A2 


NC 


B9 


R M7 


F10 


D 7 


K4 


v C c 


A3 


A GND 


BIO 


NC 


F11 


D 8 


K5 


v C c 


A4 


R M2 


B11 


R BS 


G1 


D 3 


K6 


v E e 


A5 


R M3 


C1 


R TS 


G2 


D 2 


K7 


v E e 


A6 


NC 


C2 


R T 


G10 


NC 


K8 


v C c 


A7 


NC 


C10 


R B 


G11 


D 6 


K9 


NC 


A8 


R M5 


C11 


v C c 


H1 


NC 


K10 


D GND 


A9 


R M6 


D1 


NC 


H2 


NC 


K11 


NC 


A10 


A GND 


D2 


NC 


H10 


D 4 


L2 


D GND 


B1 


v C c 


D10 


D 10 LSB 


H11 


D 5 


L3 


v E e 


B2 


R 0FS 


D11 


CONV 


J1 


NC 


L4 


NC 


B3 


R M1 


E1 


OVF 


J2 


NC 


L5 


v E e 


B4 


V|N 


E2 


NMINV 


J10 


NC 


L6 


v E e 


B5 


V| N 


E10 


NC 


J11 


NLINV 


L7 


v C c 


B6 


R M4 


E11 


Dg 


K1 


NC 


L8 


v E e 


B7 


V| N 


F1 


D } MSB 


K2 


NC 


L9 


NC 


B8 


V| N 


F2 


OVF 


K3 


D GND 


L10 


D GND 



Key 

(See bottom 
of package) - 
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D 1 (MSB 3[ 

D 2 4[ 

D 3 5[ 

NC 6[ 

NC 7[ 
NC 

NC 9[ 

D GND 10 C 



U GND 

v E e 
vcc 
vcc 
Vee 
v E e 
v E e 
v E e 
v C c 
vcc 
v E e 

D GND 



11 [ 

12 [ 

13 [ 

14 [ 

15 [ 

16 [ 

17 [ 

18 [ 

19 [ 

20 [ 

21 [ 

22 [ 



D GND 23 C 
NC 24 [ 

NC 25 [ 
NC 26 [ 
NC 27 
NLINV 28 
D 4 29 
D 5 30 
D 6 31 
D 7 32 



]56 NC 
] 55 
]54 



64 NC 
63 NMINV 
62 NC 
61 NC 
60 Rjs 



57 R, 



V CC 
! OFS 



V GND 
l M1 



]52 
] 51 I 
] 50 
]49 
]48 
]47 
] 46 
3 45 
3 44 
3 43 
] 42 
3 41 
3 40 



"M2 



l M3 



'M4 



l M5 



M6 
R M7 
A GND 
NC 

\S 



] 38 NC 
3 37 NC 
3 36 CONV 



] 35 
3 34 
3 33 



D 10 (LSB) 



ABCDEFGHJKL 
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< 



TDC1035 

Monolithic Peak Digitizer 

8-Bit, 30 ns Full Response Peak Width 



Description 

The TDC1035 is a unique variant of the full-parallel 
("flash") analog-to-digital converter, capable of capturing 
the maximum peak amplitude of one or more pulses 
applied to its input between asynchronous reset pulses. 
Multiple "peak read" operations can be performed 
between resets. Peaks are detected digitally, so 
operation is stable and predictable. Packaged in a 
24-pin CERDIP, the TDC1035 features lower power 
consumption and smaller size than an analog peak 
detector/ADC combination. All digital inputs and outputs 
are TTL compatible, and all outputs are registered and 
three-state. 



Features 

♦ 8-bit resolution 

♦ Full DC linearity for pulses — 30 ns wide 

♦ Does not require analog peak-hold circuit 

♦ Continuous peak capture between resets 

♦ Multiple read operations between resets 

♦ 1/2 LSB linearity 

♦ Narrow ambiguity region around reset 

♦ Detects pulses as small as 1 2 ns wide 

♦ Guaranteed monotonic 

♦ Selectable data format 

♦ Available in 24-pin CERDIP and 28-lead 
PLCC packages 

♦ 1 .0W power consumption 

♦ Three-state registered outputs 



Functional Block Diagram 



Applications 

♦ Radar pulse classification 

♦ Electronic countermeasures 

♦ Radiation measurement 

♦ Instrumentation 



V|N>- 



S Q 
R Q 



S Q 1 



S Q 1 



IV. 8BIT 
I >w OUTPUT 
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Pin Assignments 

D 1 (MSB) 
D 2 
D 3 
D 4 
D GND 
V E E 6 
CLK 7 

Vcc 8 
Vee 9 
Dgnd 10 
LINV 11 
D 5 12 




24 MINV 

23 OE 

22 R B 

21 A GND 

20 Rmid 

19 V IN 

18 A GND 

17 R T 

16 RESET 

15 D 8(L sb) 

14 D 7 

13 D 6 



o so o z 
<czz> 



oj cvj cvi cvi cvi 
i-ir-ir-ir-ir-u-tr 




u> co oo o> o 

go oo a 
J 2 > d > z > 



24 Pin CERDIP — B7 Package 



28 Lead PLCC — R3 Package 



Functional Description 
General Information 

The TDC1035 peak detector operates on ground- 
referenced negative-going signals. Within tpp 
nanoseconds after the rising edge of the clock signal 
CLK, it outputs the most negative value reached since 
the previous RESET pulse. The active-HIGH RESET control 
is independent of CLK, but may be connected to CLK to 
provide a single-control peak detector. Multiple output 
cycles are permitted between reset operations. 

The TDC1035 contains parallel array of comparators, an 
array of latches, and an encoder which outputs the 
location of the highest-valued latch which is set. The 
TDC1035's response characteristics are determined by its 
comparator array. A comparator's response time is 
determined by the degree of overdrive, since the output 
changes only when the area above threshold reaches a 
characteristic value. Therefore, the digitization accuracy of 
a pulse's peak value depends on the shape of the pulse. 

To permit accurate, repeatable characterization, the 
TDC1035 is tested with a slew-rate limited "square" 
pulse. It will digitize (to its DC accuracy) the peak value 
of a square pulse having a minimum duration of 30ns. 
The accuracy degrades gracefully as the duration 
decreases from 30 down to 12ns, where it understates 
the applied amplitude by 15% (Figure 7). Production 
characterization of the TDC1035 uses "square" pulses 
with controlled rise and fall times of 8ns. 



Performance of the TDC1035 with other pulse shapes 
(such as Gaussian or bandwidth-limited square pulse) can 
be estimated by applying an energy above threshold 
model, with area of 120 picoVolt-seconds. 

The operation of all asynchronous sequential logic circuits 
involves some temporal ambiguity. The most common 
form of this ambiguity, metastability, occurs in data syn- 
chronizers. In a peak digitizer such as the TDC1035, this 
ambiguity comes in the form of periods during which the 
accuracy of the measurement of a pulse may be 
affected, or the pulse may not even be detected. There 
is a 10ns (tpp) ambiguity period after the falling edge of 
the RESET signal, during which detection or accuracy of 
detection of any pulse is not guaranteed. There is also a 
region of 40ns (tpfj) before the rising edge of the 
(output) clock (CLK) where a pulse may be missed or 
detected inaccurately. These regions are shown in the 
timing diagrams, Figures 1 and 2. During the latter 
period, if the input signal increases to a new peak larger 
than the previously-latched value, the value loaded into 
the output register may be incorrect (and will most likely 
be zero); nonetheless, the peak detection latches will 
hold the (correct) new peak value. 

As shown in Figure 3, the TDC1035's comparator inputs 
have emitter-follower buffers, which limit the permissible 
input signal slew rate to 250V//>ts. This corresponds to a 
full-scale transition time of 8ns. 
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Power 

The TDC1035 operates from two supply voltages: + 5.0V 
and -5.2V. The current return for the positive supply is 
[)GND' and the return for the negative (analog) supply is 
AGND- AH power and ground pins MUST be connected. 

Reference 

The reference for the TDC1035 is a negative voltage 
applied across a chain of 255 resistors. The top of this 
chain is connected to the RT pin, and the voltage 
applied to the Rj pin (Vr-t) should be within 0.1V of the 
analog ground. Note that the difference between the 
voltage applied to the pin and the voltage at the 
reference chain is the offset specification (Eqj and Eqb)- 
The bottom of the reference resistor chain is connected 
to the RB pin, and the voltage applied to the Rg pin 
(Vrb) should be between 1.8 and 2.2V negative with 
respect to the Rj pin for full-specification operation. 
Reduced reference voltage operation is possible at 
reduced accuracy (for example, for generating a non- 
linear transfer function). The Rj-Rb reference source 
should be able to deliver at least 45mA. 

Due to the variation in the reference currents with clock 
and input signals, Ry and Rb should be connected to 
circuit nodes with a low impedance to ground. For 
circuits in which the reference is not varied at a high 
rate, a bypass capacitor to ground is recommended. If 
the reference inputs are exercised dynamically (e.g., for 
AGC or nonlinear operation), a low-impedance reference 
source is required. The reference voltages may be varied 
dynamically; contact the factory for information on 
limitations when the device is used in this mode. The 
performance of the TDC1035 is specified with DC 
references of Vrj = 0.0V and Vrb = -2.0V. 

Control 

Two function control pins, MINV and LINV, are provided. 
These names stand for active-LOW Most significant bit 
INVert and active-LOW Least significant bits INVert, 
respectively. These controls are for DC (i.e., steady- 
state), not dynamic, use. They permit the output coding 
to be either straight binary or offset two's complement, 
in either true or inverted sense, according to the JJutput 
Coding Table. A single output state control pin, OE, is 
provided. The three-state outputs may be placed in a _ 
high-impedance state by applying a jogic HIGH to the OE 
control pin, and enabled by driving OE LOW. 



The function control pins may be tied to Vfjc for a logic 
HIGH, and Dgnd for a lo 9 ic L0W ' however, a 2.2 kOhm 
pull-up resistor is preferred over direct connection to 
Vq(\ If a pull-up resistor is not used, the absolute 
maximum voltage rating for the part becomes that of the 
TTL input, 5.5V, rather than the higher value for the Vqc 
terminal. 

Command 

Two pins, RESET and CLK, control the TDC1035. When 
brought HIGH, the level-sensitive RESET control resets 
the peak-storing latches. The edge-sensitive CLK control 
causes the peak value to be loaded into the output 
register when a rising-edge (LOW-to-HIGH) signal is 
applied. As noted above, there is a data ambiguity period 
associated with the operation of each of these inputs. 

Analog Input 

Although the TDC1035's 255 comparators have emitter- 
follower isolated inputs, the input impedance can vary up 
to 25 percent with the signal level, as comparator input 
transistors switch on or off. As a result, for optimal 
performance, the source impedance of the driving device 
must be less than 25 Ohms. The input signal will not 
damage the TDC1035 if it remains in the range 
V[[-0.5V to V/\q|\|q + 0.5V. If the input signal stays 
between the Vrj and Vrb reference voltages, the 8-bit 
digital equivalent of the most negative voltage reached 
will be latched into the array of latches, subject to the 
dynamic effects mentioned above. A transient more 
negative than Vrr will cause a full-scale output tpg 
after the CLK line rises. 

Outputs 

The outputs of the TDC1035 are TTL compatible, capable 
of driving four low-power Schottky TTL (54LS/74LS) unit 
loads or the equivalent. The outputs hold the previous 
data a minimum time t|-|0 after the rising edge of the 
CLK input, and are guaranteed to have the new output 
value after a maximum time tpo- Under light DC load 
conditions (such as driving CMOS loads or base-input 
low-power Schottky such as the 74L5374) 2.2k pull-up 
resistors to +5.0V are recommended. 
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Package Interconnections 



Name 


Function 


Value 


B7 Package Pins 


R3 Package Pins 


Vcc 


Positive Supply Voltage 


+5.0V 


8 


9 


Vee 


Negative Supply Voltage 


-5.2V 


6.9 


7,11 


Dgnd 


Digital Ground 


0.0V 


5, 10 


5,12 


Agnd 


Analog Ground 


0.0V 


18, 21 


20, 25 


Rt 


Reference Resistor, Top 


0.0V 


17 


19 


Rmd 


Reference Resistor, Middle 


-1.0V 


20 


24 


Rb 


Reference Resistor, Bottom 


-2.0V 


22 


26 


MINV 


MSB Invert 


TTL (Active LOW) 


24 


28 


LINV 


LSB Invert 


TTL (Active LOW) 


11 


13 


OE 


Output Enable 


TTL (Active LOW) 


23 


27 


RESET 


Resets Peak Value to Zero 


TTL (Active HIGH) 


16 


18 


CLK 


Loads Output Register 


TTL (Rising Edge) 


7 


8 


Vin 


Analog Input Signal 


, 0.0Vto-2.0V 


19 


21 


Di 


MSB Output 


TTL 


1 


1 


D 2 




TTL 


2 


2 


D 3 




TTL 


3 


3 


D 4 




TTL 


4 


4 


D 5 




TTL 


12 


14 


D 6 




TTL 


13 


15 


D 7 




TTL 


14 


16 


D 8 


LSB Output 


TTL 


15 


17 



Figure 1. Timing with Separate RESET and CLK 
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Figure 2. Timing with Common RESET and CLK 
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Figure 3. Simplified Analog Input Equivalent Circuits 
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Figure 4. Digital Input Equivalent Circuit 
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Figure 5. Output Circuits 
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Figure 6. Recommended Input Circuit 
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Figure 7. Variation of Accuracy as a Function 
of Width, "Square" Input Pulse 
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Output Coding 









Binary 


Offset Two's 


Complement 




Rs 


mge 


True 


lllvcllcU 


True 


Inverted 




-2.0000V FS 


-2.0480V FS 


MIM\/ _ 1 
IVIIIMV = 1 


n 
u 


0 


1 


Step 


7.8431 mV Step 


8.000mV Step 


TTnv = i 


0 


1 


0 


000 


0.0000V 


0.0000V 


00000000 


11111111 


10000000 


01111111 


001 


-0.0078V 


-0.0080V 


f\ r\ r\ r\ n t\ f\ i 

00000001 


11111110 


10000001 


01 1 1 1 1 10 


• 


• 


• 






• 


• 


• 


• 


• 


• 


• 


• 


• 








• 


• 






127 


-0.9922V 


-1.0160V 


01111111 


10000000 


11111111 


00000000 


128 


-1.0000V 


-1.0240V 


10000000 


01111111 


00000000 


11111111 


129 


-1.0078V 


-1.0320V 


10000001 


01111110 


00000001 


11111110 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


254 


-1.9844V 


-2.0240V 


11111110 


00000001 


01111110 


10000001 


255 


- 1.9922V 


-2.0320V 


11111111 


00000000 


01111111 


10000000 



Absolute maximum ratings (beyond which the device may be damaged) 1 



Supply Voltages 

V cc (measured to D GND ) .. 
V^E (measured to Dq^q) .. 
A GND (measured to D GND ) 

Input Voltages 

RESET, CLK, OE, MINV, UNV (measured to A GND ) 

V IN' V RT' V RB (measured to A GND ) 

Vrj (measured to Vpg) 

Outputs 



Applied voltage (measured to D G |^q) -0.5 to + 0.5V 2 

Applied current (externally forced) -1.0 to 6.0mA 3 4 

Short-circuit duration (single output HIGH to shorted to ground) 1 Second 

Temperature 

Operating, ambient -55 to +125°C 

junction +175°C 

Lead, soldering (10 seconds) +300°C 

Storage -65 to +150°C 



Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions is NOT implied. Device performance is guaranteed only if specified operating conditions 
are met. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as positive current flowing into the device. 



-0.5 to +7.0V 
-7.0 to +0.5V 
-0.5 to +0.5V 



-0.5 to +5.5V 

(V EE - 0.5) to +0.5V 
-2.2 to +2.2V 
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Operating conditions 







Temperature Range 








Standard 


Extended 




Parameter 




Min 


Norn 


Max 


Min 


Norn 


Max 


1 Initc 
U II lib 


V CC 


PositivG Supply VoltagG 


4.75 


5.0 


5.25 


4.50 


5.0 


5.5 


V 


Vcc 
Ct 


Negative Supply Voltage 


-4.90 


-5.2 


-5.5 


-4.90 


-5.2 


-5.5 


V 


VaGND 


Analog Ground Voltage 


-0.1 


0.0 


0.1 


-0.1 


0.0 


0.1 


V 


tp\A/UR 
r Vvnn 


Reset Minimum Pulse Width, HIGH 


20 






20 






ns 


tpWLC 


CLK Minimum Pulse Width, LOW 


20 






20 






ns 


tpWHC 


CLK Minimum Pulse Width, HIGH 


20 






20 






ns 


Sr 

n 


Input Signal Slew Rate 






250 






250 


MltiS 


\/.. 

V IL 


Input Voltage, Logic LOW 






0.8 






0.8 


V 


V IH 


Input Voltage, Logic HIGH 


2.0 






2.0 






V 


>ni 

UL 


Output Current, Logic LOW 






4.0 






4.0 


mA 


'oh 


Output Current, Logic HIGH 






-400 






-400 


piA 


Vrt 


Reference Voltage, Top 


-0.1 


0.0 


0.1 


-0.1 


0.0 


0.1 


V 


vrb 


Reference Voltage, Bottom 


-1.8 


-2.0 


-2.2 


-1.8 


-2.0 


-2.2 


V 


Vrt -Vrb 


Reference Voltage Span 


1.8 


2.0 


2.2 


1.8 


2.0 


2.2 


V 


V|N 


Input Voltage Range 


Vrt 




Vrb 


Vrt 




Vrb 


V 


T A 


Ambient Temperature, Still Air 


0 




70 








°C 




Case Temperature 








-55 




+ 125 


°C 



Electrical characteristics within specified operating conditions 



Parameter 


Test Conditions 


Temperature Range 


Units 


Standard 


Extended 


Min 


Max 


Min 


Max 


Iqq Positive Supply Current 


Vqq = Max, Static 




35 




35 


mA 


l£E Negative Supply Current 


V EE = Max, Static 




-160 




-160 


mA 


IrEF Reference Current 


Vrt ~ Vrb = Norn 




35 




35 


mA 


RrEP Reference Resistance 


Total, R T to R B 


57 




57 




Ohms 


R|N Input Equivalent Resistance (DC) 


V RT' Vrb = Norn, V, N = V RB 


50 




50 




kOhms 


C|[\j Input Capacitance, Analog 


V RT' V RB = Nom, V, N = V RB 




50 




50 


pF 


IqB Input Constant Bias Current 


V EE = Max 




250 




350 


lA 


l|L Input Current Logic LOW 


V cc = Max, V| L = 0.4V 




-500 




-500 


/*A 


Input Current Logic HIGH 


V cc = Max, V )H = 2.4V 




50 




50 


„A 


l|M Input Current, V|^ = Max 


V cc = Max, V| H = 5.5V 




1 




1 


mA 


'OZL Hi-Z Output Leakage Current, Output LOW 


V cc = Max, V o = 0V 


-30 


30 


-30 


30 


(ik 


IgZH Hi-Z Output Leakage Current, Output HIGH 


V cc = Max, V 0 = 5V 


-30 


30 


-30 


30 




IqS Short-Circuit Output 1 


V C c = Max, Output HIGH, one 
output tied to Dq^q for 1 second. 




-50 




-50 


mA 


V 0 l 0ut P ut Voltage, Logic LOW 


VrjQ = Max, lrj|_ = Max 




0.5 




0.5 


V 


Vqh Output Voltage, Logic HIGH 


VQQ = Min, lo^ = Max 


2.4 




2.4 




V 


C|n Input Capacitance, Digital 






10 




10 


PF 



Note: 1. Worst case, all digital inputs and outputs LOW. 
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Switching characteristics within specified operating conditions 







Temperature Range 








Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


tpQ CLK Setup Time 


Vqq = Min, V EE = Min, Load 1 




30 




30 


ns 


t RP RESET Delay 


Vqq = Min, \/££ = M'm, Load 1 




5 




5 


ns 


tQQ Output Delay 


V cc = Min, V EE = Min, Load 1 




35 




35 


ns 


t|_|Q Output Hold Time 


Vqq = Min, V EE = Min, Load 1 


5 




5 




ns 


tQ|5 Output Disable Time 


Vqq = Min, V EE = Min, Load 1 




20 




20 


ns 


l ENA Output Enable Time 


Vqq = Min, V EE = Min, Load 1 




70 




90 


ns 



Note: 1. tpjp and tpQ are the guaranteed maximum lengths of the ambiguity periods. 



System performance characteristics within specified operating conditions 







Temperature Range 








Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


E|_| Linearity Error, Integral, Independent 


V RT' V RB = Nom 




0.2 




0.2 


%FS 


E|_q Linearity Error, Differential 


V RP V RB = Nom 




0.2 




0.2 


%FS 


CS Code Size 


V RT' V RB = Nom 


30 


170 


30 


170 


% Nominal 


t MIN Ana, °9 ln P ut Pulse Width 


Square Pulse, 
15% Accuracy 


12 




12 




ns 




DC Accuracy 


30 




30 




ns 


Egj Offset Error, Top 


V|N = V RT 




±8 




±8 


mV 


Eqb Offset Error, Bottom 


V IN = V RB 




±15 




±15 


mV 


Tqq Offset Error, Temperature Coefficent 


V RT' V RB' V CC' V EE = Nom 




±20 




±20 





Applications Discussion 

Under certain conditions, the real component of the 
input impedance may go negative at frequencies near 
100MHz. To prevent oscillation at the input signal port, 
TRW recommends connecting the input signal to the 
TDC1035 via a series-connected resistor of at least 



Ordering Information 



Product 


Temperature Range 


Screening 


Package 


Package 


Number 








Marking 


TDC1035B7C 


STD-TA = 0°Cto70°C 


Commercial 


24-Pin CERDIP 


1035B7C 


TDC1035B7V 


EXT-Tc=-55°Cto125°C 


MIL-STD-883 


24-Pin CERDIP 


1035B7V 


TDC1035R3C 


TA = 0°Cto70°C 


Commercial 


28-Lead PLCC 


1035R3C 



40G06460 Rev B 8/93 



10 Ohms located close to the device. Further, if the 
signal bandwidth is not already limited so that the input 
slew rate limit is not exceeded, external circuitry is also 
recommended. The circuit shown in Figure 6 
accomplishes both goals. 
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TDC1038 

Monolithic Video A/D Converter 

8-Bit, 20 Msps, Low Power 



Description 

The TDC1038 is a flash analog-to-digital converter 
capable of converting a video-speed signal into a stream 
of 8-bit digital words at 20 Msps (MegaSamples Per 
Second). It is pin-for-pin compatible with the industry 
standard TDC1048 but uses half the power. Since the 
TDC1038 is a flash converter, a sample-and-hold circuit 
is not required. 

The TDC1038 consists of 255 clocked latching 
comparators, combining logic, and an output register. A 
single convert clock controls the conversion operation. 
The unit can be configured to give either true or inverted 
outputs, in binary or offset two's complement coding. All 
digital I/O is TTL compatible. 

Features 

♦ 8-bit resolution 

♦ DC to 20 Msps conversion rate 

♦ 7 MHz full-power bandwidth 

♦ 30 MHz small signal -3 dB bandwidth 

♦ 1/2 LSB linearity 



♦ 700 mW power dissipation 

♦ +5V, -5V (or -5.2V) supply operation 

♦ Low cost 

♦ Drop-in replacement for TDC1 048 

♦ Sample-and-hold circuit not required 

♦ Analog input range 0 to -2V 

♦ Differential phase 0.3° 

♦ Differential gain 0.7% 

♦ Selectable data format 

♦ Available in plastic DIP, CERDIP, and PLCC 

Applications 

♦ Digital television 

♦ Electronic warfare 

♦ Low power upgrade for TDC1 048 

♦ Video digitizing 

♦ Medical imaging 

♦ High energy physics 

♦ Low cost, low power, high-speed data conversion 



Pin Assignments d i( msb) 


1[ 




] 28 


NMINV 


D 2 


2[ 




3 27 




D 3 


3[ 




3 26 


R B 


D 4 


4[ 




3 25 


A GND 


D GND 


5[ 




3 24 


NC 


v C c 


6[ 




3 23 


V|N 


v E e 


7[ 




3 22 


NC 


Yee 


8[ 




3 21 


V| N 


Vee 


9[ 




3 20 


NC 


vcc 


10 [ 




319 


A GND 


D GND 


11 [ 




318 




NLINV 


12 [ 




317 


CONV 


D 5 


13 [ 




316 


D 8 (LSB) 


D 6 


14 [ 




315 


D 7 



1038.B6.28PIN 
1038.N6.28PIN 



28 Pin CERDIf? - B6 Package 
28 Pin Plastic^DIP - N6 Package 



R B 26 [ 

R M 27 [ 

NMINV 28 [ 

D^(MSB) 1 [ 

D 2 2[ 

D 3 3[ 

D 4 4[ 




in to !». eo o> o t- 



O O ui ixi ixi o Q 
Z O UJ UJ UJ o z 

o> > > > > o 



]18 R T 
]17 CONV 
]16 D 8 (LSB) 
]15 Dy 
314 D 6 
313 D 5 
]12 NLINV 



1038.R3.28PIN 



28 Lead Plastic J-Leaded Chip Carrier - R3 Package 
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Functional Block Diagram 



NMINV >- 
NLINV >- 



CONV >- 



R 

R MID 

-AVv— \ 






1 128 





255 



DIFFERENTIAL 
COMPARATORS 

(255) 



Functional Description 

General Information 

The TDC1038 has three functional sections: a 
comparator array, encoding logic, and output 
registers. The comparator array compares the 
input signal with 255 reference voltages to 
produce an N-of-255 code (or thermometer 
code, since all the comparators whose reference 
is more negative than the input signal will be on, 
and all those whose reference is more positive 
will be off). The encoding logic converts the 
N-of-255 code into the user's choice of coding. 
The output register holds the output constant 
between updates. 



255 TO 8 
ENCODER 



REGISTER 



Power 

The TDC1038 operates from two supply voltages: +5.0V 
and -5.0V. -5.2V may be used with a slight increase in 
power dissipation. The return path for Ico the current 
from the +5.0V supply is Dqnd- The return for path Ieb 
the current from the -5.0V supply, is Aqnd- All power 
and ground pins must be connected. 

Reference 

The TDC1038 converts analog signals in the range 
Vrb^Vin^Vrt into digital form. The specifications of the 
TDC1038 are guaranteed with Vrt, (the voltage applied 
to the top of the reference resistor chain) at O.Q±0.1V 
and Vrb (the voltage applied to the bottom of the 
reference resistor chain) at -2.0±0.1V. 
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Linearity is guaranteed with no adjustment; however, a 
midpoint tap, Rm, allows trimming of converter integral 
linearity as well as the creation of a nonlinear transfer 
function. This is explained in the Application Note TP- 19 
"Non-Linear A/D Conversion." The circuit shown in 
Figure 6 will provide approximately a 1/2 LSB adjust- 
ment of the linearity at midscale. The characteristic 
impedance seen at this node is approximately 200 ohms 
and should be driven from a low-impedance source. 
Note that any load applied to this node will affect 
linearity, and any noise introduced at this point will 
degrade the overall quantization SNR. Due to the slight 
variation in the reference current with clock and input 
signals, Rjand Rb should be low-impedance-to-ground 
points. For circuits in which the reference is not varied, a 
bypass capacitor (0.0 to 0.1 pF) to ground is recom- 
mended. If the reference inputs are exercised dynami- 
cally (as in an automatic gain control circuit) a low- 
impedance reference source is required. The reference 
voltages may be varied dynamically up to 5 MHz; 
however, device performance is specified with fixed 
reference voltages as defined in the Operating Condi- 
tions Table. 

Analog Input 

For precise quantization, the TDC1038 uses latching 
comparators. For optimum overall system performance 
the source impedance of the driving circuit must be less 
than 25 ohms. If the input signal is between the Vrt and 
Vrb references, the output will be a binary number from 
0 to 255. When a signal outside the recommended input 
voltage range (0 to -2V) is applied, the output will remain 
at either full-scale value. The input signal will not damage 
the TDC1038 if it remains within the range specified in 
the Absolute Maximum Ratings Table. Both analog 
input pins are connected together internally and there- 
fore either one or both may be used. 



Convert 

The TDC1038 requires external convert (CONV) signal. 
Because the TDC1038 is a flash converter it does not 
require a track-and-hold circuit. A sample is taken (the 
outputs of the comparators are latched) within t$io 
(Sampling Time Offset) after a rising edge on the CONV 
pin. The result is encoded and then transferred to the 
output registers on the next rising edge. The digital 
output for sample N becomes valid tp after the rising 
edge of clock N+1 and remains valid until tno after the 
rising edge of clock N+2. (See Figure 1, Timing Dia- 
gram.) 

Output Format Control 

Two output format control pins, NMINV and NLINV, are 
provided. These controls are for DC (i.e., steady state) 
uses. They permit the output coding to be either straight 
binary or offset two's complement, in either true or 
inverted sense, according to the Output Coding Table. 
These active LOW pins may be tied to Vcc (through a 
4.7 kOhm resistor) for a logic 1 or Dgnd for a logic 0. 

Outputs 

The outputs of the TDC1038 are TTL compatible, capable 
of driving four low-power Schottky TTL (54/74 LS) loads 
or equivalent. The outputs hold the previous data for a 
minimum of tHO after the rising edge of the CONVert 
signal. 

Not Connected 

There are several pins that have no internal connection to 
the chip. They should be left open. 
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Package Interconnections 



Signal 
Type 


Signal 
Name 


Function 


Value 


B6,N6,R3 Package Pins 


Power 


vcc 


Digital Supply Voltage 


+5.0V 


6,10 


VEE 


Analog Supply Voltate 


-5.0V 


7, 8,9 


AGND 


Analog Ground 


0.0V 


19,25 


DGND 


Digital Ground 


0.0V 


5, 11 


Reference 


RT 


Reference Resistor (Top) 


0.0V 


18 


RM 


Reference Resistor (Middle) 


-1 .OV 


27 


RB 


Reference Resistor (Bottom) 


-2.0V 


26 


Analog Input 


VIN 


Analog Signal Input 


0Vto-2V 


21,23 


Convert 


CONV 


Convert 


TTL 


17 


Format Control 


IN IVIMN V 


Mnt N/nct ^innfipant Rit Inv/ort 
INUl iVIUol Oiyiiiiuaiii Dll IIIVcIL 


TTI 


£.0 


Nl IMV 

1 N 1 1 1 N V 


Mnt I oact ^Innififflnt Rit Inx/prt 


TTL 


19 


Data Oi itni it 


D1 


Mn^t ^innifirant Rit Outmit 


TTL 


\ 


D2 




TTL 


2 


D3 




TTL 


3 


D4 




TTL 


4 


D5 




TTL 


13 


D6 




TTL 


14 


D7 




TTL 


15 


D8 


Least Significant Bit Output 


TTL 


16 


Not Connected 


NC 


Not Connected 


Open 


20, 22, 24 



Figure 1. Timing Diagram 
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Figure 2. Simplified Input Circuits 
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C IN : 
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! CB 



r, n : 




V EEA 



Vrb v ee 
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V RB IS A VOLTAGE EQUAL TO THE VOLTAGE ON PIN R B 




v E e v ee 



REFERENCE 
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Figure 3. Convert Input Equivalent Circuit 



30kQ. 



20kQ< 



INPUT o- 
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Figure 4. Output Circuit 
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-o V, 



V EE 
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TO 
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40pF =}= 



LOAD1 
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Output Coding Table 





Binary 


Offset Two's Complement 




True 


Inverted 


True 


Inverted 


Input 


NMINV=HIGH 


NMINV=LOW 


NMINV=LOW 


NMINVsHIGH 


Voltage 


NLINVsHIGH 


NLINVrLOW 


NLINVsHIGH 


NLINV=LOW 


o.oooov 


0000 0000 


1111 1111 


1000 0000 


01111111 


-0.0078V 


0000 0001 


1111 1110 


1000 0001 


0111 1110 


-0.9922V 


0111 1111 


1000 0000 


1111 1111 


0000 0000 


-1.0000V 


1000 0000 


0111 1111 


0000 0000 


1111 1111 


-1.0078V 


1000 0001 


0111 1110 


0000 0001 


1111 1110 


-1.9844V 


1111 1110 


0000 0001 


0111 1110 


1000 0001 


-1.9922V 


1111 1111 


0000 0000 


0111 1111 


1000 0000 



Notes: 1 . NMINV and NLINV are to be considered DC controls. They may be tied to +5V for a logic 1 or tied to ground for a logic 0. 
2. Voltages are code midpoints. 
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Absolute maximum ratings (beyond which the device may be damaged) 1 



Supply Voltages 

Vcc (measured to Dqnd) "0-5 to +7.0V 

Vee (measured to Aqnd) +05 to -7.0V 

Agnd (measured to Dqnd) "0-5 to +0.5V 

Input Voltages 2 

CONV, NMINV, NLINV -0.5 to (V C c+0.5V) 

V|n, Vrj, Vrb (measured to Aqnd) Vee to +0.5V 

Vrj (measured to Vrb) -2.2 to +2.2V 

Input Currents 3 

CONV, NMINV, NLINV -50 to +50 mA 

V|N. Vrj, Vrb -100 to +100 mA 

Output 

Applied voltage (measured to Dqnd) -0- 5 to (Vcc+0.5V) 2 

Applied current, externally forced -20 to +20 mA 3 

Short-circuit duration (single output in HIGH state to ground) 

Temperature 

Operating, ambient (all packages except N6 and R3 -55 to +125°C 

(N6 and R3 packages only) -20 to +90°C 

junction (all packages) +175°C 

Lead, soldering, all packages (1 0 seconds) +300°C 

Storage, all packages -65 to +150°C 



Notes: 1 . Absolute maximum ratings are limiting values applied individually while all other parameters are within specified 

operating conditions. Functional operation under any of these conditions is NOT implied. A condition applied individu- 
ally that exceeds the Operating Conditions specification but is less than the Absolute Maximum Ratings will not 
cause immediate device failure. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 
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Operating Conditions 







Temperature Range 








Standard 


Extended 




Parameter 


Min 


Norn 


Max 


Min 


Norn 


Max 


Units 


vcc 


Digital Supply Voltage 


H.I yj 


^ n 




4 RO 


R 0 


r ro 


V 


\/r-r- 

V EE 


Analog ouppiy voiiage 




-R n 




-4 Q 


-R 9 


-R ro 


V 


VAqnD 


Analog Ground Voltage (Measured to Dqnd) 


-0.1 


0.0 


0.1 


-0.1 


0.0 


0.1 


V 


tpWL 


CONVert Pulse Width, LOW 


18 






18 






ns 


tPWH 


CONVert Pulse Width, HIGH 


22 






22 






ns 


V|L 


Input Voltage, Logic LOW 






0.8 






0.8 


V 


V|H 


Input Voltage, Logic HIGH 


2.0 






2.0 






V 


lOL 


Output Current, Logic LOW 






4.0 






4.0 


mA 


•oh 


Output Current, Logic HIGH 






400 






400 


MA 


Vrt 


Most Positive Reference Input 1 


-0.1 


0.0 


0.1 


-0.1 


0.0 


0.1 


V 


Vrb 


Most Negative Reference Input 1 


-1.9 


-2.0 


-2.1 


-1.9 


-2.0 


-2.1 


V 


Vrt-Vrb 


Voltage Reference Differential 


1.8 


2.0 


2.2 


1.8 


2.0 


2.2 


V 


V|N 


Input Voltage 


Vrb 




Vrt 


Vrb 




Vrt 


V 


T A 


Ambient Temperature, Still Air 


0 




70 


-55 




125 


°c 



Note: 1 . Vrt must be more positive than Vrb, and voltage reference differential must be within specified range. 



Thermal characteristics (approximate) 



Parameter 


Norn 


Max 


Min 


6ja Thermal Resistance, Junction to Ambient 


B6 


50 


°c/w 


N6 


45 


°c/w 


R3 


65 


°c/w 


6jc Thermal Resistance, Junction to Case 


B6 


12 


°c/w 


N6 


17 


°c/w 


R3 


14 


°c/w 
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Electrical characteristics within specified operating conditions 







Temperature Range 








Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


Ice Positive Supply Current 


Vcc=Max 1 




35 




35 


mA 


Iee Negative Supply Current 


VEE=Max 1 




-170 




-170 


mA 


Iref Reference Current 


Vrt. VRB=Nom 




30 




50 


mA 


Rref Total Reference Resistance 




67 




40 




Ohms 


RlN Input Equivalent Resistance 


VRT» VRB=Nom, V|n=Vrb 


80 




40 




kOhms 


Cin Input Capacitance 


Vrt» VRB=Nom, V|n=Vrb 




50 




50 


pF 


Icb Input Constant Bias Current 


VcCA=Max 




250 




500 


uA 


IlL Input Current, Logic LOW 


V C c=Max, V|=0.4V 




-0.6 




-0.6 


mA 


l|H Input Current Logic HIGH 


Vcc=Max, V|=2.4V 


-200 


50 


400 


50 


uA 


l| Input Current, Max Input Voltage 


VCC=Min, lQL=Max 




1.0 




1.0 


mA 


Vol Output Voltage, Logic LOW 


Vcc=Min, loL=Max 




0.5 




0.5 


V 


Voh Output Voltage, Logic HIGH 


Vcc=Min, loH=Max 


2.4 




2.4 




V 


los Short-Circuit Output Current 


Vcc=Max, Output HIGH, one pin to 
ground, one second duration max 




40 




40 


mA 


C| Digital Input Capacitance 


Ta=25°C, F=1 MHz 




15 




15 


PF 



Note: 1 . Worst case, all digital inputs and outputs LOW. 



Switching characteristics within specified operating conditions 







Temperature Range 








Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


Fs Maximum Conversion Rate 




20 




20 




Msps 


tsTO Sampling Time Offset 




-2 


10 


-2 


10 


ns 


to Output Delay 


Vcc=Min, Load 1, Figure 4 




30 




35 


ns 


tHO Output Hold Time 


Vcc=Min, Load 1, Figure 4 


5 




5 




ns 
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System performance characteristics within specified operating conditions 







Temperature Range 








Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


units 


Eli Linearity Error Integral, Independent 


Vrt, VRB=Nom 




0.2 




0.2 


% 


Eld Linearity Error Differential 






0.2 




0.2 


% 


Cs Code Size 




25 


175 


25 


175 


% Norn 


Eot Offset Error, Top 


V|N=V RT 




+15 




+15 


mV 


Eqb Offset Error, Bottom 


Vin=Vrb 




-15 




-15 


mV 


Tco Offset Error, Temperature Coefficient 






±20 




±20 


uV/°C 


BW Bandwidth, Full-Scale Input 


No Spurious or Missing Codes 


7 




7 




Mhz 


BWss -3 dB Bandwidth, Small Signal 


-20 dBFS Input 


30 




30 




MHz 


tTR Transient Response, Full Scale 




40 




40 




ns 


SNR Signal-to-Noise Ratio 


10 MHz Bandwidth, 














20 Msps Conversion Rate 












Peak Signal/RMS Noise 


1.248 MHz Input 


54 




53 




dB 




2.438 MHz Input 


53 




52 




dB 


RMS Signal/RMS Noise 


1.248 MHz Input 


45 




44 




dB 




2.438 MHz Input 


44 




43 




dB 


Eap Aperture Error 






60 




60 


ps 


DP Differential Phase Error 


F S =4 x NTSC 




1.0 




1.0 


Degree 


DG Differential Gain Error 


F S =4 x NTSC 




2.0 




2.0 


% 



Figure 5. Typical Interface Circuit 




11 4 pU 

-5V 



-5V 



For More Information call 1-800-722-7074. 



Raytheon Semiconductor 



3-33 



TDC1038 



Figure 6. Optional Midscale Linearity Adjust 




Figure 7. Typical SINAD vs. I: Oft Frequency 

50 



45 

CD 
T3 

Q 40 
< 



0) 



35 



30 













































CLOCK RATE = 
INPUT SIGNAL = 


20MSPS 
-0.1dB FUl 


LSCALI 







































1 2 3 4 5 6 7 8 

INPUT FREQUENCY - MHz 1 038 7 



Typical Interface Circuit 

The Typical Interface Circuit (Figure 5) shows a wide- 
band operational amplifier driving the NO converter 
directly. Bipolar inputs to the op amp can be accommo- 
dated by adjusting the offset control. Raytheon 
Semiconductor's TDC461 1 provides a stable reference 
for the offset and gain controls. All V|n pins are con- 
nected close to the device package and the input 
amplifier's feedback loop should be closed at that point. 



The buffer has an inverting gain of two, increasing a 1Vp- 
p video input signal to the recommended 2Vp-p input for 
the TDC1038. Proper decoupling is recommended for all 
systems. 

The bottom reference voltage (Vrb) is supplied by an 
inverting amplifier or the TDC461 1, buffered with a PNP 
transistor. The transistor provides a low-impedance 
source and is necessary to sink the current flowing 
through the reference resistor chain. 



Ordering Information 



Product 


Temperature Range 


Screening 


Package 


Package 


Number 








Marking 


TDC1038B6C 


STD-T A = 0°Cto70°C 


Commercial 


28-Pin CERDIP 


1038B6C 


TDC1038B6V 


EXT-T C =-55°C to125°C 


MIL-STD-883 


28-Pin CERDIP 


1038B6V 


TDC1038N6C 


STD-TA = 0°Cto70°C 


Commercial 


28-Pin Plastic DIP 


1038N6C 


TDC1038R3C 


STD-T A = 0°Cto70°C 


Commercial 


28-Lead Plastic J-Leaded Chip Carrier 


1038R3C 



40G06121 Rev D 8/93 
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TDC1044 

TDC1044 

Monolithic Video A/D Converter 

4-Bit, 25 Msps 



Description 

The TDC1044 is a 25 Msps (Megasample per second) 
full-parallel analog-to-digital converter, capable of 
converting an analog signal with full-power frequency 
components up to 12.5 MHz into 4-bit digital words. Use 
of a sample-and-hold circuit is not necessary for 
operation of the TDC1044. All digital inputs and outputs 
are TTL compatible. 

The TDC1044 consists of 15 latching comparators, 
encoding logic, and an output register. A single convert 
signal controls the conversion operation. The unit can 
be connected to give either true or inverted outputs in 
binary or offset two's complement coding. 



Functional Block Diagram 

NMINV > 

NLINV > 

comv y 

V|N > 




REFERENCE 
RESISTOR 
CHAIN 
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Features 

♦ 4-bit resolution 

♦ 1/4 LSB non-linearity 

♦ Sample-and-hold circuit not required 

♦ 25 Msps conversion rate 

♦ Selectable output format 

♦ Available in a 1 6-pin DIP and a 20-lead PLCC 

Applications 

♦ Video special effects 

♦ Radar data conversion 

♦ Medical imaging 

♦ Medical processing 



TDC1044 



Pin Assignments 



a? ^ £? 
«o to 




10 <o r- 



20 Lead PLCC — R4 Package 




]24 CONV 
]23 D 4 (LSB) 

]21 D 2 

]20 Dt(MSB) 

3 19 Dqnd 

]18 Vcc 

]17 NMINV 

16 Pin DIP — B9 Package K 
1 6 Pin Plastic DIP — N9 Package 



Functional Description 
General Information 

The TDC1044 has three functional sections: a comparator 
array, encoding logic, and an output register. The 
comparator array compares the input signal with 15 
reference voltages to produce an N-of-15 code 
(sometimes referred to as a "thermometer" code, as all 
the comparators referred to voltages more positive than 
the input signal will be off, and those referred to 
voltages more negative than the input signal will be on). 
The encoding logic converts the N-of-15 code into binary 
or two's complement coding, and can invert either 
output code. This coding function is controlled by DC 
signals on pins NMINV and NLINV. The output register 
holds the output constant between updates. 

Power 

The TDC1044 operates from two power supply voltages, 
+ 5.0V and -5.2V. The return for Iqq (the current 
drawn from the +5.0V supply) is DgND- The return for 
l£E (the current drawn from the -5.2V supply) is AqnD- 
All power and ground pins must be connected. 



Reference 

The TDC1044 converts analog signals in the range 
Vrb<V||\|<Vf{b into digital form. Vrb (the voltage 
applied to Rg at the bottom of the reference resistor 
chain) and Vrj (the voltage applied to Rj at the top of 
the reference resistor chain) should be between +0.1V 
and -1.1V. Vrj should be more positive than Vrb 
within that range. The voltage applied across the 
reference resistor chain (Vrj-Vrb) must be between 
0.4V and 1.3V. The nominal voltages are Vrj=0.00V 
and Vrb= —1.00V. These voltages may be varied 
dynamically up to 10MHz. Due to slight variation in the 
reference currents with clock and input signals, Rj and 
Rg should be low-impedance points. For circuits in which 
the reference is not varied, a bypass capacitor to ground 
is recommended. If the reference inputs are varied 
dynamically (as in an Automatic Gain Control circuit), a 
low-impedance reference source is required. A reference 
middle, R|\/|, is also provided; this may be used as an 
input to adjust the mid-scale point in order to improve 
integral linearity. This point may also be used as a tap to 
supply a mid-scale voltage to offset the analog input. If 
Vrm is used as an output, it must be connected to a 
high input impedance device which has small input 
current. Noise at this point may adversely affect the 
performance of the device. 

Controls 

Two function control pins, NMINV and NLINV are 
provided. These controls are for DC (i.e., steady state) 
use. They permit the output coding to be either straight 
binary or offset two's complement, in either true or 
inverted sense, according to the Output Coding Table. 
These pins are active LOW as signified by the prefix "N" 
in the signal name. They may be tied to Vqq for a logic 
"1" and DqnD f° r a ,0 9' c "0" 

Convert 

The TDC1044 requires a CONVert (CONV) signal. A 
sample is taken (the comparators are latched) within 
tsTO a ^ er a r ' s ' n 9 ec '9 e °f CONV. The coded result is 
translated to the output latches on the next rising edge. 
The outputs hold the previous data a minimum time 
(tno) after the rising edge of the CONV signal. New 
data becomes valid after a maximum delay time, tp. 
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Analog Input 

The TDC1044 uses latching comparators which cause 
the input impedance to vary slightly with the signal level. 
For optimal performance, the source impedance of the 
driving circuit must be less than 25 Ohms. The input 
signal will not damage the device if it remains within 
the range of Vee to +0.5V. If the input signal is at a 
voltage between Vrj and Vrb, the output will be a 
binary code between 0 and 15 inclusive. A signal 
outside this range will indicate either full-scale positive 
or full-scale negative, depending on whether the signal 
is off-scale in the positive or negative direction. 



Outputs 

The outputs of the TDC1044 are TTL compatible, and 
capable of driving four low-power Schottky TTL (54/74 
LS) unit loads. The outputs hold the previous data a 
minimum time (tug) after the rising edge of the CONV 
signal. Data becomes valid after a maximum delay time 
(tp) after the rising edge of CONV. For optimum per- 
formance, 2.2 kOhm pull-up resistors are recommended. 

No Connects 

Pin 3 of the TDC1044 is labeled No Connect (NC), and 
has no connection to the chip. Connect this pin to Aqisjd 
for best noise performance. 



Package Interconnections 



Signal 


Signal 






B9,N9 Package 


R4 Package 


Type 


Name 


Function 


Value 


Pins 


Pins 


Power 


v C c 


Positive Supply Voltage 


+5.0V 


10 


13 




V E E 


Negative Supply Voltage 


-5.2V 


6 


8 




Dgnd 


Digital Ground 


0.0V 


11 


14 




Agnd 


Analog Ground 


0.0V 


1 


1 


Reference 


Rt 


Reference Resistor, Top 


0.0V 


4 


4 




Rm 


Reference Resistor, Middle 


-0.5V 


8 


11 




Rb 


Reference Resistor, Bottom 


-1.0V 


5 


7 


Controls 


NMINV 


Not MSB Invert 


TTL 


9 


12 




NLINV 


Not LSB Invert 


TTL 


7 


10 


Convert 


CONV 


Convert 


TTL 


16 


20 


Analog Input 


V|N 


Analog Input Signal 


0Vto-1V 


2 


2 


Outputs 


Di 


MSB Output 


TTL 


12 


15 




D 2 




TTL 


13 


16 




D 3 




TTL 


14 


17 




D 4 


LSB Output 


TTL 


15 


18 


No Connects 


NC 


No Connect 


Agnd 


3 


3,5,6,9,19 
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Figure 1. Timing Diagram 



CONV 
ANALOG INPUT 



! PWH- 



DNV / SAMPLE \ / SAMPLE ^ / SAMPLE \ J 
' N \—J N + 1 \ ' N + 2 > ' 



! PWL- 




DIGITAL OUTPUT 



xxxxxx r, xxxxxx r xxxxxx r, xxx 



tHO 



Figure 2. Simplified Analog Input Equivalent Circuit 





Figure 3. Digital Input Equivalent Circuit 



v C c °- 



INPUT o- 




20K 



15K 



Figure 4. Output Circuits 
-° v cc 



81012 



TO 



( OUTPUT o- 

PIN 



ft 



-o OUTPUT 




40pF ±. 1N3062 



OUTPUT EQUIVALENT 
CIRCUIT 



LOAD 1 ~ 

TEST LOAD FOR DELAY 

MEASUREMENTS 
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Absolute maximum ratings (beyond which the device may be damaged) 



Supply Voltages 

Vqq (measured to Dqnq) -0.5 to +7.0V 

V EE (measured to Ag^g) - + 0-5 to -7.0V 

Aqnq (measured to Dq^q) -0.5 to +0.5V 

Input Voltages 

CONV, NMINV, NLINV (measured to D GND ) -0.5 to +5.5V 

% V RT' V RB (measured t0 A GND> +0 - 5 t0 V EE V 

V RT (measured to V RB ) -2.2 to +2.2V 



Output 



Applied voltage (measured to Dq^q) -0.5 to + 5.5V 2 

Applied current, externally forced -1.0 to + 6.0mA 3 - 4 

Short circuit duration (single output in high state to ground) 1 sec 



Temperature 



Operating, ambient -55 to +125°C 

junction +150°C 

Lead, soldering (10 seconds) +300°C 

Storage -65 to +150°C 



Notes: 

1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as positive when flowing into the device. 



Operating conditions 







Temperature Range 








Standard 


Extended 




Parameter 




Min 


Norn 


Max 


Min 


Norn 


Max 


Units 


v cc 


Positive Supply Voltage (Measured to Dq^q) 


4.75 


5.0 


5.25 


4.5 


5.0 


5.5 


V 


% 


Negative Supply Voltage (Measured to Aq^q) 


-4.9 


-5.2 


-5.5 


-4.9 


-5.2 


-5.5 


V 


V AGND 


Analog Ground Voltage (Measured to Dq^q) 


-0.1 


0.0 


0.1 


-0.1 


0.0 


0.1 


V 


'PWL 


CONV Pulse Width, LOW 


17 






17 






ns 


'PWH 


CONV Pulse Width, HIGH 


17 






17 






ns 


V|L 


Input Voltage, Logic LOW 






0.8 






0.8 


V 


V|H 


Input Voltage, Logic HIGH 


2.0 






2.0 






V 


'OL 


Output Current, Logic LOW 






4.0 






2.0 


mA 


'oh 


Output Current, Logic HIGH 






-400 






-400 


//A 


Vrt 


Most Positive Reference 


-1.9 


0.0 


0.1 


-1.9 


0.0 


0.1 


V 


Vrb 


Most Negative Reference 


-2.1 


-1.0 


-0.1 


-2.1 


-1.0 


-0.1 


V 


Vrt-Vrb 


Reference Differential 


0.2 


1.0 


2.0 


0.2 


1.0 


2.0 


V 




Input Voltage 


VRB 




% 


VRB 




VRT 


V 


h 


Ambient Temperature, Still Air 


0 




70 








°c 




Case Temperature 








-55 




125 


°c 
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Electrical characteristics within specified operating conditions 



Parameter 


Test Conditions 


Temperature Range 


Units 


Stam 


lard- 


Extended 


Min 


Max 


Min 


Max 


Iqq Positive Supply Current 


V C q = MAX, static 1 




15 




20 


mA 


l EE Negative Supply Current 


V EE = MAX, static 1 

T A = 0°C to 70°C 




-50 






mA 


T fl = 70°C 

A 




-40 






mA 


T c = -55°C to 125°C 








-65 


mA 


T c = -125°C 








-35 


mA 


IrEP Reference Current 


V RT' V RB " Nm 




2 




2 


mA 


D nrP Tntal Roforonpo RocictanrQ 
nppp i uidi nci ci cute ncoioidiiuc 


500 




500 






R|^j Input Equivalent Resistance 


V RT , V RB = NOM, V, N = V RB 


300 




100 




kOhms 


Pin Innut Pananitanro 
uim mpui uapai/iiaiiLc 




25 




25 


□F 


Irj3 Input Constant Bias Current 


V EE = MAX 




25 




50 


//A 


l|L Input Current, Logic LOW 


V cc = MAX, V| - 0.5V CONV 




-0.4 




n r 
-U.D 


mA 


NMINV, NLINV 




-0.6 




-0.8 


mA 


l| H Input Current, Logic HIGH 


V cc = MAX, V| = 2.4V 




50 




50 




l| Input Current, Max Input Voltage 


V cc = MAX, V, = 5.5V 




1.0 




1.0 


mA 


V QL Output Voltage, Logic LOW 


Vcc " M,N ' 'OL " MAX 




0.5 




0.5 


V 


Vq H Output Voltage, Logic HIGH 


v C c - MIN < 'oh - MAX 


2.4 




2.4 




V 


IrjS Short Circuit Output Current 


Vqq = MAX, One pin to ground, one second 
duration, Output HIGH. 




-30 




-30 


mA 


C| Digital Input Capacitance 


T A = 25°C, F = 1MHz 




15 




15 


pF 



Note: 

1. Worst case: all digital inputs and outputs LOW. 

Switching characteristics within specified operating conditions 







Temperature Range 








Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


Fg Maximum Conversion Rate 


V cc - MIN, V EE = MIN 


25 




25 




MSPS 


t5jg Sampling Time Offset 


V cc - MIN, V EE - MIN 




10 




15 


ns 


t D Digital Output Delay 


V cc « MIN, V EE = MIN, Load 1 




30 




35 


ns 


t^g Digital Output Hold Time 


V cc - MAX, V EE = MAX, Load 1 


5 




5 




ns 
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System performance characteristics within specified operating conditions 









Temperature Range 










Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


Eli 


Linearity Error Integral, Independent 


V RB = NOM 




1.6 




1.6 


% 




Linearity Error Differential 






1.6 




1.6 


% 


cs 


Code Size 


V RT , V RB = NOM 


75 


125 


75 


125 


% Nominal 


E 0T 


Offset Error Top 


V|N - V RT 




+30 




+30 


mV 


E 0B 


Offset Error Bottom 


V IN = V RB 




+40 




+40 


mV 


T C0 


Offset Error Temperature Coefficient 






±20 




±20 


^/V/°C 


BW 


Bandwidth, Full Power Input 




12.5 




12.5 




MHz 


*TR 


Transient Response, Full Scale 






10 




10 


ns 


E AP 


Aperture Error 






30 




30 


ps 



Output Coding Table 1 





Binary 


Offset Two's 








Complement 


Range 


True 


Inverted 


True 


Inverted 


-1.00V FS 


NMINV = 1 


0 


0 


1 




NLINV = 1 


0 


1 


0 


0.000V 


0000 


1111 


1000 


0111 


-0.067V 


0001 


1110 


1001 


0110 


-0.133V 


0010 


1101 


1010 


0101 


-0.200V 


0011 


1100 


1011 


0100 


-0.267V 


0100 


1011 


1100 


0011 


-0.333V 


0101 


1010 


1101 


0010 


-0.400V 


0110 


1001 


1110 


0001 


-0.467V 


0111 


1000 


1111 


0000 


-0.533V 


1000 


0111 


0000 


1111 


-0.600V 


1001 


0110 


0001 


1110 


-0.667V 


1010 


0101 


0010 


1101 


-0.733V 


1011 


0100 


0011 


1100 


-0.800V 


1100 


0011 


0100 


1011 


-0.B67V 


1101 


0010 


0101 


1010 


-0.933V 


1110 


0001 


0110 


1001 


-1.000V 


1111 


0000 


0111 


1000 



Note: 

1. Input voltages are at code centers. 
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Calibration 

To calibrate the TDC1044, adjust Vrj and Vrb to set 
the 1st and 15th thresholds to the desired voltages. 
Assuming a OV to -1V desired range, continuously 
strobe the converter with -0.0033V (1/2 LSB from 
0.000V) on the analog input, and adjust Vrj for output 
toggling between codes 0000 and 0001. Then apply 
-0.967V (1/2 LSB from -1.000V) and adjust V RB for 
toggling between codes 1110 and 1111. Instead of 
adjusting Vrj, Rj can be connected to analog ground 
and the 0V end of the range calibrated with an amplifier 
offset control. Rg is a convenient point for gain 
adjustment that is not in the analog signal path. 

Typical Interface Circuit 

The TDC1044 does not require a special input buffer 
amplifier to drive the analog input because of its low 
input capacitance. A terminated low-impedance 
transmission line ( < 1 00 Ohms) connected to the V||\| 
terminal of the device is sufficient if the input voltage 
levels match those of the A/D converter. 

However, many driver circuits lack sufficient offset 
control, drive current, or gain stability. The Typical 
Interface Circuit in Figure 5 shows a simple amplifier 
and voltage reference circuit that may be used with the 
device. U2 is a wide-band operational amplifier with a 



gain factor of -1. A small value resistor, R12, serves to 
isolate the small input capacitance of the A/D converter 
from the amplifier output and insure frequency stability. 
The pulse and frequency response of the amplifier are 
optimized by variable capacitor C12. The reference 
voltage for the TDC1044 is generated by amplifier U3. 
System gain is adjusted by varying R9 which controls the 
reference voltage level to the A/D converter. 

Input voltage range and input impedance for the circuit 
are determined by resistors R1 and R2. Formulas for 
calculating values for these input resistors are: 

1 

R1 = 

/2VR\ 1_ 

Uin/ 1000 

and 

no 7|M / 1000 R1 \ 

where VR is the input voltage range of the circuit, Z||\j is 
the input impedance of the circuit, and the constant 
1000 comes from the value of R3. As shown, the circuit 
is set up for 1Vp-p 75 Ohm video input. 
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Figure 5. Typical Interface Circuit 



+5v y- 




CLK >- 
-5.2V >- 



L1 

FERRITE BEAD 
INDUCTOR 

C12 
1-6pF 



10 
25V 



A GND 



T 

1 



C11 
0.1 
50V 



D GND 



V CC 
D 1 (MSB) 



V| N 
A GND 



D 4 (LSB) 



«B 

°GND 



U1 

TDC1044 



NLINV 
NMINV 



v EE 



R13 
2.2K 



R14 
2.2K 



R15 
2.2K 

R16 
2.2K 



' C2 
10 
25V 



1 



Ordering Information 



Product 


Temperature Range 


Screening 


Package 


Package 


Number 








Marking 


TDC1044B9C 


STD-T A = 0°Cto70°C 


Commercial 


16-Pin DIP 


1044B9C 


TDC1044B9V 


EXr-Tc=-55°Cto125°C 


MIL-STD-883 


16-Pin DIP 


1044B9V 


TDC1044N9C 


STD-T A = 0°Cto70°C 


Commercial 


16-Pin Plastic DIP 


1044N9C 


TDC1044R4C 


STD-TA = 0°Cto70°C 


Commercial 


20-Lead PLCC 


1044R4C 



40G01899 Rev E 8/93 

For More Information call 1-800-722-7074. 



Raytheon Semiconductor 



3-43 



TDC1044 



3-44 



Raytheon Semiconductor For More Information call 1 -800-722-7074. 



TDC1046 



TDC1046 

Monolithic Video A/D Converter 

6-Bit, 25 Msps 
Description 



The TDC1046 is a 25 Msps (Megasample per second) 
full-parallel (flash) analog-to-digital converter, capable of 
converting an analog signal with full-power frequency 
components up to 12.5 MHz into 6-bit digital words. Use 
of a sample-and-hold circuit is not necessary for 
operation of the TDC1046. All digital inputs and outputs 
are TTL compatible. 

The TDC1046 consists of 63 clocked latching 
comparators, encoding logic, and an output buffer 
register. A single convert signal controls the conversion 
operation. The unit can be connected to give either true 
or inverted outputs in binary or offset two's complement 
coding. 



Functional Block Diagram 



NMINV >- 

NLINV >- 

CONV >- 

% > 

«T > 



R 2 





Features 

♦ 6-bit resolution 

♦ 1/4 LSB linearity 

♦ Sample-and-hold circuit not required 

♦ TTL compatible 

♦ 25 Msps conversion rate 

♦ Selectable output format 

♦ Available in an 18-pin CERDIP 

♦ Low cost 

♦ Low analog inut capacitance 

♦ Available per Standard Military Drawing 



Applications 

♦ Low-cost video digitizing 

♦ Medical imaging 

♦ Data acquisition 

♦ TV special effects 

♦ Video simulators 

♦ Radar data conversion 



63 TO 6 
ENCODER 



LATCH 



DIFFERENTIAL 
COMPARATORS 

(63) 
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Pin Assignments 





1 I 




] 18 


"B 


Rt 


2 I 




] 17 


A GND 


D GND 


3 [ 




1 16 


D GND 


NMINV 


4 [ 




1 15 


CONV 


(MSB) D 1 


5 [ 




1 14 


D 6 (LSB) 


D 2 


6 [ 




1 13 


D 5 




7 [ 




I 12 


D4 


v C c 


8 




] 11 


NLINV 


V E E 


9 




] 10 


v C c 



18 Pin CERDIP - B8 Package 



Functional Description 
General Information 

The TDC1046 has three functional sections: a comparator 
array, encoding logic, and output latches. The comparator 
array compares the input signal with 63 reference 
voltages to produce an N-of-63 code (sometimes referred 
to as a "thermometer" code, as all the comparators 
referred to voltages more positive than the input signal 
will be off, and those referred to voltages more negative 
than the input signal will be on). The encoding logic 
converts the N-of-63 code into binary or offset two's 
complement coding, and can invert either output code. 
This coding function is controlled by DC signals on pins 
NMINV and NLINV. The output latch holds the output 
constant between updates. 

Power 

The TDC1046 operates from two supply voltages, +5.0V 
and -5.2V. The return for Iqq, the current drawn from 
the + 5.0V supply, is DgnD- The return for the 
current drawn from the -5.2V supply, is Aqnq. All 
power and ground pins must be connected. 

Reference 

The TDC1046 converts analog signals in the range 
Vrb^V||\j<Vrj into digital form. Vrr (the voltage 
applied to Rg at the bottom of the reference resistor 
chain) and Vrj (the voltage applied to Rj at the top of 
the reference resistor chain) should be between +0.1V 
and -1.1V. Vrj should be more positive than Vrr 



within that range. The voltage applied across the 
reference resistor chain (Vrj -Vrr) must be between 
0.8V and 1.2V. The nominal voltages are Vrj=0.00V and 
Vrr=- 1.00V. These voltages may be varied dynamically 
up to 12.5MHz. Due to variation in the reference 
currents with clock and input signals, Rj and Rr should 
be low-impedance-to-ground points. For circuits in which 
the reference is not varied, a bypass capacitor to ground 
is recommended. If the reference inputs are exercised 
dynamically (as in an Automatic Gain Control circuit), a 
low-impedance reference source is required. 

Controls 

Two function control pins, NMINV and NLINV are 
provided. These controls are for DC (i.e., steady state) 
use. They permit the output coding to be either straight 
binary or offset two's complement, in either true or 
inverted sense, according to the Output Coding Table. 
These pins are active LOW as signified by the prefix "N" 
in the signal name. They may be tied to Vqq for a logic 
"1" and Dqisjd for a logic "0." 

Convert 

The TDC1046 requires a CONVert (CONV) signal. A 
sample is taken (the comparators are latched) within 5ns 
(tSTO) a fter a rising edge on the CONV pin. This time is 
tsjQ, Sampling Time Offset. The 63 to 6 encoding is 
performed on the falling edge of the CONV signal. The 
coded result is transferred to the output latches on the 
next rising edge. The outputs hold the previous data a 
minimum time (t|-|o) after the rising edge of the CONV 
signal. 

Analog Input 

The TDC1046 uses strobed latching comparators which 
cause the input impedance to vary with the signal level, 
as comparator input transistors are cut-off or become 
active. For optimal performance, the source impedance of 
the driving circuit must be less than 50 Ohms. The input 
signal will not damage the TDC1046 if it remains within 
the range of V^e to +0.5V. If the input signal is at a 
voltage between Vrj and Vrr, the output will be a 
binary number between 0 and 63 inclusive. A signal 
outside this range will indicate either full-scale positive 
or full-scale negative, depending on whether the signal is 
off-scale in the positive or negative direction. 
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Outputs 

The outputs of the TDC1046 are TTL compatible, and of the CONV signal. Data is guaranteed to be valid 

capable of driving four low-power Schottky TTL (54/74 after a maximum delay time (tp) after the rising edge of 

LS) unit loads or the equivalent. The outputs hold the CONV. For optimum performance, 2.2 kOhm pull-up 

previous data a minimum time (t|-|0) a ^ er the rising edge resistors are recommended. 



Package Interconnections 



Signal 


Signal 








Type 


Name 


Function 


Value 


B8 Package Pins 


Power 




Positive Supply Voltage 


+ 5.0V 


8, 10 




tt 


Negative Supply Voltage 


-5.2V 


g 




DftMn 

UIMU 


Digital Ground 


0.0V 


3, 16 




A GND 


Analog Ground 


0.0V 


17 


Reference 


v RT 


Reference Resistor (Top) 


0.0V 


2 




Vrb 


Reference Resistor (Bottom) 


-1.0V 


18 


Controls 


NMINV 


Not Most Significant Bit INVert 


TTL 


4 




NLINV 


Not Least Significant Bit INVert 


TTL 


11 


Convert 


CONV 


Convert 


TTL 


15 


Analog Input 


V|N 


Analog Signal Input 


0V to -1V 


1 


Outputs 


»1 


MSB Output 


TTL 


5 




D 2 




TTL 


6 




°3 




TTL 


7 




D 4 




TTL 


12 




°5 




TTL 


13 




°6 


LSB Output 


TTL 


14 



Output Coding Table 1 





Binary 


Two's Complement 


Range 


True 


Inverted 


True 


Inverted 




NMINV = 1 




0 


0 


1 


1 5.8730m V Step 


NLINV = 1 




O 


1 


0 


o.oooov 


000000 




111111 


100000 


011111 


-0.0159V 


000001 




111110 


100001 


011110 


• 


• 




• 


• 


• 


• 


• 




• 


• 


• 


• 


• 




• 


• 


• 


-0.4921V 


011111 




100000 


111111 


000000 


-0.5079V 


100000 




011111 


000000 


111111 


-0.5238V 


100001 




011110 


000001 


111110 


• 


• 




• 


• 


• 


• 


• 




• 


• 


• 


• 


• 




• 


• 


• 


-0.9841V 


111110 




000001 


011110 


100001 


-1.0000V 


111111 




000000 


011111 


100000 



Note: 1. Voltages are code midpoints when calibrated (see Calibration section). 
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Figure 2. Simplified Analog Input Equivalent Circuit 
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Absolute maximum ratings (beyond which the device will be damaged) 1 



Supply voltages 



Vqq (measured to Dq^q) 

V^e (measured to Aqnq) 

A GND < measured t0 D GND* • 



-0.5 to 
+0.5 to 
-0.5 to 



-7.0V 
-7.0V 
0.5V 



Input voltages 



CONV, NMINV, NLINV (measured to D GND ) . 

V IN< V RT' V RB Measured to A GND ) 

Vpj (measured to Vpg) 



-0.5 to +5.5V 

+0.5 to V EE 

+1.2 to -1.2V 



Output 



Applied voltage (measured to Dq^q) -0.5 to 5.5V 2 

Applied current, externally forced -1.0 to 6.0mA 3 - 4 

Short circuit duration (single output in high state to ground) 1 sec 

Operating, case -55 to +125°C 

junction +175°C 

Lead, soldering (10 seconds) +300°C 

Storage -65 to +150°C 

1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as positive when flowing into the device. 



Temperature 



Notes: 



Operating conditions 







Temperature Range 








Standard 


Extended 




Parameter 




Min 


Nom 


Max 


Min 


Nom 


Max 


Units 


v cc 


Positive Supply Voltage (measured to D GNr j) 


4.75 


5.0 


5.25 


4.5 


5.0 


5.5 


V 


Vee 


Negative Supply Voltage (measured to A GND ) 


-4.9 


-5.2 


-5.5 


-4.9 


-5.2 


-5.5 


V 


V A6ND 


Analog Ground Voltage (measured to D GNr j) 


-0.1 


0.0 


0.1 


-0.1 


0.0 


0.1 


V 


'PWL 


CONV Pulse Width (LOW) 


15 






15 






ns 


'PWH 


CONV Pulse Width (HIGH) 


17 






17 






ns 


V| L 


Input Voltage, Logic LOW 






0.8 






0.8 


V 


V|H 


Input Voltage, Logic HIGH 


2.0 






2.0 






V 


'OL 


Output Current, Logic LOW 






4.0 






2.0 


mA 


'oh 


Output Current, Logic HIGH 






-0.4 






-0.4 


mA 


% 


Most Positive Reference Input 1 


-0.1 


0.0 


0.1 


-0.1 


0.0 


0.1 


V 


Vrb 


Most Negative Reference Input 1 


-0.9 


-1.0 


-1.1 


-0.9 


-1.0 


-1.1 


V 


%-Vrb 


Voltage Reference Differential 


0.8 




1.2 


0.8 




1.2 


V 




Input Voltage 


VRB 




Vrt 


VRB 




Vrt 


V 


T A 


Ambient Temperature, Still Air 


0 




70 










T C 


Case Temperature 








-55 




125 


°C 



Note: 



1. Vpj must be more positive than Vpg, and voltage reference differential must be within specified range. 
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Electrical characteristics within specified operating conditions 



Parameter 


Test Conditions 


Temperature Range 


Units 


Standard 


Extended 


Min 


Max 


Min 


Max 


Iqq Positive Supply Current 


Vqq = MAX, static 1 




20 




25 


mA 


l EE Negative Supply Current 


V EE = MAX, static 1 

T A = 0°C to 70°C 




-95 






mA 


T A = 70°C 




-75 






mA 


T c = -55°C to 125°C 








-150 


mA 


Tq = 125°C 








-75 


mA 


IpEP Reference Current 


V RT , V RB = NOM 




10 




15 


mA 


Rpj^p Total Reference Resistance 


V RT - V RB = MAX 


100 




66 




Ohms 


R|(\j Input Equivalent Resistance 


V RT , V RB = NOM, V, N = V RB 


40 




40 




kOhms 


C||\j Input Capacitance 




30 




30 


PF 


Iqb Input Constant Bias Current 


V EE = MAX 




105 




180 


fib 


l| L Input Current, Logic LOW 


V nn = MAX, V, = 0.5V CONV 




-0.4 




-0.6 


mA 


NMINV, NLINV 




-0.6 




-0.8 


mA 


l (H Input Current, Logic HIGH 


V cc = MAX, V, = 2.4V 




50 




50 


//A 


l| Input Current, Max Input Voltage 


V cc = MAX, V, = 5.5V 




1.0 




1.0 


mA 


V 0L Output Voltage, Logic LOW 


V cc = MIN, l 0L = 2 mA 




0.5 




0.5 


V 


Vq H Output Voltage, Logic HIGH 


V cc = MIN, l 0H = MAX 


2.4 




2.4 




V 


IqS Short Circuit Output Current 


Vqq = MAX, One pin to ground, 
one second duration, output HIGH 




-30 




-30 


mA 


C| Digital Input Capacitance 


T A = 25°C, F = 1MHz 




15 




15 


PF 



Note: 

1. Worst case, all digital inputs and outputs LOW. 



Switching characteristics within specified operating conditions 



Parameter 


Test Conditions 


Temperature Range 


Units 


Standard 


Extended 


Min 


Max 


Min 


Max 


F s Maximum Conversion Rate 


Vqq = MIN, V EE = MIN 


25 




25 




MSPS 


tg-pQ Sampling Time Offset 


Vqq = MIN, V EE = MIN 




5 




10 


ns 


tp Output Delay 


Vqq - MIN, V EE = MIN, Load 1 




30 




35 


ns 


t H Q Output Hold Time 


Vqq = MAX, V EE = MAX, Load 1 


5 




5 




ns 
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System performance characteristics within specified operating conditions 



r aidiiicicr 


Test Conditions 


Temperature Range 


Units 


Standard 


Extended 


Min 


Max 


Min 


Max 


E[_| Linearity Error Integral, Indopendent 


V RT' v RB = Nom 




0.4 




0.4 


0/ 
70 


E|_q Linearity Error Differential 






0.4 




0.4 


% 


CS Code Size 


Vpj, V R g = Nom 


50 


150 


50 


150 


% Nominal 


Eqj Offset Error, Top 


V|N = V RT 




+ 50 




+ 50 


mV 


OB Ullool Ell (Jl, DULLUIII 


\/.. . 

V IN _V RB 




-30 




-30 


III V 


Tqq Temperature Coefficient (Offset Voltage) 






±20 




±20 


/iV/°C 


BW Bandwidth, Full Power Input 




12.5 




12.5 




MHz 


tjp Transient Response, Full-Scale 






10 




10 


ns 


SNR Signal-to-Noise Ratio 


12.5MHz Bandwidth, 
25Msps Conversion Rate 












Peak Signal/RMS Noise 


1MHz Input 


42 




36 




dB 


12.5MHz Input 


40 




32 




dB 


RMS Signal/RMS Noise 


1MHz Input 


33 




33 




dB 


12.5MHz Input 


31 




29 




dB 


E^p Aperture Error 






30 




30 


ps 



Calibration 

To calibrate the TDC1046, adjust Vrj and Vrb to set 
the 1st and 63rd thresholds to the desired voltages. In 
the Functional Block Diagram, note that R-| is greater 
than R, ensuring calibration with a positive voltage on 
Rj. Assuming a 0V to -1V desired range, continuously 
strobe the converter with -0.0079V on the analog 
input, and adjust Vrj for output toggling between codes 
00 and 01. Then apply -0.9921V and adjust Vrb for 
toggling between codes 62 and 63. Instead of adjusting 
Vrj, Rj can be connected to analog ground and the 0V 
end of the range calibrated with a buffer offset control. 
Rg is a convenient point for gain adjust that is not in 
the analog signal path. These techniques are employed 
in Figure 5. 

Typical Interface Circuit 

The TDC1046 does not require a special input buffer 
amplifier to drive the analog input because of its low 
analog input capacitance. A terminated low-impedance 
transmission line (<100 Ohms) connected to the V||\| 
terminals of the TDC1046 is sufficient if the input 
voltage levels match those of the A/D converter. 

However, many driver circuits lack sufficient offset 
control, drive current, or gain control. The Typical 



Interface Circuit (Figure 5) shows a simple buffer 
amplifier and voltage reference circuit that may be used 
with the TDC1046. U2 is a wide-band operational 
amplifier with a gain factor of -2. A small value 
resistor, R12, serves to help isolate the input capacitance 
of the A/D converter from the amplifier output and 
insure frequency stability. The pulse and frequency 
response of the buffer amplifier are optimized by variable 
capacitor C12. 

The reference voltage for the TDC1046 is generated by 
amplifier U3 and PNP transistor Q1 which supplies the 
reference current. System gain is adjusted by varying R9 
which controls the reference voltage level to the A/D 
converter. 

Input voltage range and input impedance for the circuit 
are determined by resistors R1 and R2. Formulas for 
calculating values for these input resistors are: 

1 

R1= 

/2VR \ _ _!_ 
\Z| N ; 1000 
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Typical Interface Circuit (cont.) 

and 

R2=z _ / 1000 R1 \ 
IN \1000 + R1 / 



where VR is the input voltage range of the circuit, Z||\j is 
the input impedance of the circuit, and the constant 
1000 comes from the value of R3. As shown, the circuit 
is set up for 1 Vp-p 75 Ohm video input. 



Figure 5. Typical Interface Circuit 




Standard Military Drawing 

These devices are also available as products manufac- 
tured, tested, and screened in compliance with Standard 
Military Drawings (SMDs). The nearest vendor equivalent 
product is shown below; however, the applicable SMD is 



the sole controlling document defining the SMD product. 



Standard Military 


Nearest Equivalent 




Drawing 


TRW Product No. 


Package 


5962-87786-01VA 


TDC1046B8V 


18 Pin CERDIP 



Ordering Information 



Product 


Temperature Range 


Screening 


Package 


Package 


Number 








Marking 


TDC1046B8C 


STD-T A = 0°C to 70°C 


Commercial 


18 Pin CERDIP 


1046B8C 


TDC1046B8V 


EXT-T C =-55°C to 125°C 


MIL-STD-883 


18 Pin CERDIP 


1046B8V 


5962-87786 01VA 


EXT-T C =-55°C to 125°C 


Per Standard Military Drawing 


18 Pin CERDIP 


5962-87786 01VA 



40G01719 Rev F 8/93 
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TDC1047 

Monolithic Video AID Converter 

7-Bit, 20 Msps 



Description 

The TDC1047 is a 20 Msps (Megasample per second) 
full-parallel (flash) analog-to-digital converter, capable of 
converting an analog signal with full-power frequency 
components up to 7 MHz into 7-bit digital words. A 
sample-and-hold circuit is not necessary. All digital 
inputs and outputs are TTL compatible. 

The TDC1047 consists of 127 clocked latching 
comparators, combining logic, and an output buffer 
register. A single convert signal controls the conversion 
operation. The unit can be connected to give either true 
or inverted outputs in binary or offset two's complement 
coding. 

The TDC1047 is pin and function compatible with 
Raytheon Semiconductor La Jolla's TDC1027, and 
offers increased performance with lower power 
dissipation. 



Functional Block Diagram 



NMINV >- 
NLINV )- 
CONV >- 
%>- 



Features 

♦ 7-bit resolution 

♦ 1/2 LSB linearity 

♦ Sample-and-hold circuit not required 

♦ 20 Msps conversion rate 

♦ Selectable output format 

♦ Available in 24-pin CERDIP 



Applications 

♦ Low-cost video digitizing 

♦ Medical imaging 

♦ TV special effects 

♦ Video simulators 

♦ Radar data conversion 



127 TO 7 
ENCODER 



:> 



2>- 



«b>- 



DIFFERENTIAL 

COMPARATORS 

(127) 
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Pin Assignments 



V|N I' 




1 24 V, N 


R T 2[ 




1 23 R B 


Aqnd 3 [ 




1 22 A GND 


D GND 4 [ 




1 21 °GND 


NMINV 5 ( 




] 20 CONV 


(MSB) D 1 6 I 




] 19 D 7 (LSB) 


D 2 7 1 




1 18 D 6 


D 3 8 I 




] 17 D 5 


D 4 9 I 




] 16 V CC 


v C c 10 [ 




] 15 NLINV 


V EE 11 ( 




] 14 V EE 


Aqnd 12 




1 13 A GND 


24 Pin CERDIP - B7 Package 



Functional Description 
General Information 

The TDC1047 has three functional sections: a comparator 
array, encoding logic, and output latches. The comparator 
array compares the input signal with 127 reference volt- 
ages to produce an N-of-127 code (sometimes referred 
to as a "thermometer" code, as all the comparators 
referred to voltages more positive than the input signal 
will be off, and those referred to voltages more negative 
than the input signal will be on). The encoding logic 
converts the N-of-127 code into binary or offset two's 
complement coding, and can invert either output code. 
This coding function is controlled by DC signals on pins 
NMINV and NLINV. The output latch holds the output 
constant between updates. 

Power 

The TDC1047 operates from two supply voltages, + 5.0V 
and -5.2V. The return for Iqq, the current drawn from 
the +5.0V supply, is DgND- The return for Iee, the 
current drawn from the -5.2V supply, is Aqinjq. All 
power and ground pins must be connected. 

Reference 

The TDC1 047 converts analog signals in the range 
Vrb^V||\|<Vrj into digital form. Vrb (the voltage 
applied to the pin at the bottom of the reference resistor 
chain) and Vrj (the voltage applied to the pin at the top 
of the reference resistor chain) should be between 
+ 0.1V and -1.1V. Vrj should be more positive than 
Vrb within that range. The voltage applied across the 
reference resistor chain (Vrj-Vrb) must be between 0.8V 



and 1.2V. The nominal voltages are Vrj=0.00V and 
Vrb= —1.00V. These voltages may be varied dynamically 
up to 7MHz. Due to variation in the reference currents 
with clock and input signals, Rj and Rg should be low- 
impedance-to-ground points. For circuits in which the 
reference is not varied, a bypass capacitor to ground is 
recommended. If the reference inputs are exercised 
dynamically as in an Automatic Gain Control (AGC) 
circuit, a low-impedance reference source is 
recommended. 

Controls 

Two function control pins, NMINV and NLINV are 
provided. These controls are for DC (i.e., steady state) 
use. They permit the output coding to be either straight 
binary or offset two's complement, in either true or 
inverted sense, according to the Output Coding Table. 
These pins are active LOW as signified by the prefix "N" 
in the signal name. They may be tied to Vqc for a logic 
"1" and Dqi\|q for a logic "0." 

Convert 

The TDC1047 requires a CONVert (CONV) signal. A 
sample is taken (the comparators are latched) within the 
Sampling Time Offset (tsjg) of a rising edge on the 
CONV pin. The 127 to 7 encoding is performed on the 
falling edge of the CONV signal. The coded result is 
transferred to the output latches on the next rising edge. 
The outputs hold the previous data a minimum time 
(tno) after the rising edge of the CONV signal. This 
permits the previous conversion result to be acquired by 
external circuitry at that rising edge, i.e., data for sample 
N is acquired by the external circuitry while the 
TDC1047 is taking input sample N + 2. 

Analog Input 

The TDC1047 uses strobed latching comparators which 
cause the input impedance to vary with the signal level, 
as comparator input transistors are cut-off or become 
active. For optimal performance, both V||\| pins must be 
used and the source impedance of the driving circuit 
must be less than 30 Ohms. The input signal will not 
damage the TDC1047 if it remains within the range of 
Vee to +0.5V. If the input signal is between the Vrj 
and Vrb references, the output will be a binary number 
between 0 and 127 inclusive. A signal outside this range 
will indicate either full-scale positive or full-scale 
negative, depending on whether the signal is off-scale in 
the positive or negative direction. 
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Outputs 

The outputs of the TDC1047 are TTL compatible, and previous data a minimum time (tj-jg) after the rising edge 
capable of driving four low-power Schottky TTL (54/74 of the CONV signal. 
LS) unit loads or the equivalent. The outputs hold the 



Package Interconnections 



&IQI13I 


olQIISl 








Type 


Name 


Function 


Value 


B7 Package Pins 


Power 


Vnn 
V CC 


Pncitix/P 9nnnl\/ Vnltanp 
ruoiiivB ou|j|jiy vuiiaye 


+ 5.0V 


10 16 




Vr-r 
V EE 


Monativ/o ^nnnk/ \/nltano 
ivcyaiivc ou|jpiy vuiLayc 


-5.2V 


11 14 




D GND 


ninital RrniinH 
uiyiiai vjiuuiiu 


q OV 


4 21 




A GND 


Analnn RrnnnH 
Miiaiuy uiuuiiu 


0 ov 


3 12 13 22 


Reference 


Rt 


Reference Resistor (Top) 


0.00V 


2 




R B 


Reference Resistor (Bottom) 


- 1 .oov 


23 


Controls 


NMINV 


Not Most Significant Bit INVert 


TTL 


5 




NLINV 


Not Least Significant Bit INVert 


TTL 


15 


Convert 


CONV 


Convert 


TTL 


20 


Analog Input 


V| N 


Analog Signal Input 


OV to -IV 


1, 24 


Outputs 




MSB Output 


TTL 


6 




D 2 




TTL 


7 




°3 




TTL 


8 




D 4 




TTL 


9 




°5 




TTL 


17 




°6 




TTL 


18 




°7 


LSB Output 


TTL 


19 
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Figure 2. Simplified Analog Input Equivalent Circuit 




MEASUREMENTS 
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Absolute maximum ratings (beyond which the device will be damaged! 1 



Supply Voltages 



Vqq (measured to D GN rj) -0-5 to +7.0V 

V|£ (measured to Aq ND ) +0-5 to -7.0V 

Aqnq (measured to Dq^q) -0.5 to +0.5V 



CONV, NMINV, NUNV (measured to D QND ) ■ 

% % V RB (measured to A GND ) 

Vpj (measured to V RB ) 



-0.5 to +5.5V 
.... +0.5 to V EE 
+2.2 to -2.2V 



Applied voltage (measured to Oq^q) . 
Applied current, externally forced 



Short circuit duration (single output in high state to ground) . 



-0.5 to 5.5V 2 

-1.0 to 6.0mA 3 ' 4 
1 sec 



Temperature 



Operating, case . 



junction . 



Lead, soldering (10 seconds) . 
Storage 



-55 to + 125°C 

+175°C 

+300°C 

... -65 to +150°C 



Notes: 



1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as positive when flowing into the device. 



Operating conditions 







Temperature Range 








Standard 


Extended 




Parameter 


Test Conditions 


Min 


Norn 


Max 


Min 


Norn 


Max 


Units 




Positive Supply Voltage (measured to Dq^q) 


4.75 


5.0 


5.25 


4.5 


5.0 


5.5 


V 


v E e 


Negative Supply Voltage (measured to Aq ND ) 


-4.9 


-5.2 


-5.5 


-4.9 


-5.2 


-5.5 


V 


V AGND 


Analog Ground Voltage (measured to D GND ) 


-0.1 


0.0 


0.1 


-0.1 


0.0 


0.1 


V 


*PWL 


CONV Pulse Width, LOW 


14 






14 






ns 


tpWH 


CONV Pulse Width, HIGH 


16 






16 






ns 


V|L 


Input Voltage, Logic LOW 






0.8 






0.8 


V 


V|H 


Input Voltage, Logic HIGH 


2.0 






2.0 






V 


'OL 


Output Current, Logic LOW 






4.0 






2.0 


mA 


'oh 


Output Current, Logic HIGH 






-0.4 






-0.4 


mA 


Vrt 


Most Positive Reference Input 1 


-0.1 


0.0 


0.1 


-0.1 


0.0 


0.1 


V 


v RB 


Most Negative Reference Input 1 


-0.9 


-1.0 


-1.1 


-0.9 


-1.0 


-1.1 


V 


v rt-Vrb 


Voltage Reference Differential 


0.8 


1.0 


1.2 


0.8 


1.0 


1.2 


V 


VIN 


Input Voltage 


VRB 




Vrt 


Vrb 




Vrt 


V 




Ambient Temperature, Still Air 


0 




70 








°C 


T C 


Case Temperature 








-55 




125 


°C 



Note: 



1. Vpj must be more positive than Vpg, and voltage reference differential must be within specified range. 
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Electrical characteristics within specified operating conditions 









Temperature Range 










Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


'cc 


Positive Supply Current 


Vqq = Max, static 1 




25 




30 


mA 


'EE 


Negative Supply Current 


Vfj: = Max, static 1 
T« _ n°r tn 7n°r 




-170 






mA 






= 70°C 




-135 






mA 






T c = -55°C to 125°C 








-220 


mA 






T c = 125°C 








-130 


mA 


■ref 


Reference Current 


Vrj, V rb = Nom 




35 




50 


mA 


R REF 


Total Reference Resistance 




28 




20 






R| N 


Input Equivalent Resistance 


V RT< V RB - Nom . % = V RB 


100 




40 




kOhms 


C IN 


Input Capacitance 






60 




60 


nF 


! CB 


Input Constant Bias Current 


V^g = Max 




150 




300 


fib 


"IL 


Input Current, Logic LOW 


V cc = Max, Vj = 0.5V CONV 




-0.4 




-0.6 


mA 






NMINV NLINV 




-0.6 




-0.8 




'IH 


Input Current, Logic HIGH 


V cc = Max, V| = 2.4V 




50 




50 




l| Input Current, Max Input Voltage 


V cc = Max, V, = 5.5V 




1.0 




1.0 


mA 


% 


Output Voltage, Logic LOW 


Vqq = Min, Iql - Max 




0.5 




0.5 


V 




Output Voltage, Logic HIGH 


Vqq = Min, Iqh = Max 


2.4 




2.4 




V 


'as 


Short Circuit Output Current 


Vqq - Max, one pin to ground, 
one second duration. 




-30 




-30 


mA 




Digital Input Capacitance 


T A = 25°C, F = 1MHz 




15 




15 


pF 



Note: 

1. Worst case, all digital inputs and outputs LOW. 



Switching characteristics within specified operating conditions 



Parameter 


Test Conditions 


Temperature Range 


Units 


Standard 


Extended 


Min 


Max 


Min 


Max 


Fg Maximum Conversion Rate 


Vqq = Min, V^e = Min 


20 




20 




MSPS 


tgjg Sampling Time Offset 


Vqq = Min, V EE = Min 




7 




10 


ns 


trj Output Delay 


Vqq = Min, V EE - Min, Load 1 




30 




35 


ns 


t^Q Output Hold Time 


Vqq = Max, V EE - Max, Load 1 


5 




5 




ns 
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System performance characteristics within specified operating conditions 









Temperature Range 










Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


Ell 


Linearity Error Integral, Independent 


V RT , V RB = Norn 




0.4 




0.4 


% 




Linearity Error Differential 






n /i 

MM 




n a 


% 


cs 


Code Size 


V RT' V RB mm 


30 


170 


30 


170 


P/n Nominal 

/O liUIIMIICII 


V 0T 


Offset Voltage Top 


V IN - V RT 




+50 




+50 


mV 


v 0B 


Offset Voltage Bottom 


V IN - V RB 




-30 




-30 


mV 




Temperature Coefficient 






±20 




±20 


^V/°C 


BW 


RanHuuiHth Pull Pnuuor Innnt 
Ddiiuwiuui, run ruwei imjjui 




7 




7 




MHz 


tTR 


Transient Response, Full Scale 






10 




10 




SNR 


Signal -to -Noise Ratio 


/ivinz Ddnawiuin, 
















20MSPS Conversion Rate 














Peak Signal/RMS Noise 


1MHz Input 


48 




46 




dB 






7MHz Input 


46 




44 




dB 




RMS Signal/RMS Noise 


1MHz Input 


39 




37 




dB 






7MHz Input 


37 




35 




dB 


E AP 


Aperture Error 






50 




50 


ps 


DP 


Differential Phase Error 1 


F s = 4 x NTSC 




1.5 




1.5 


Degree 


DG 


Differential Gain Error 1 


F s = 4 x NTSC 




2.5 




2.5 


% 



Note: 

1. In excess of quantization. 



Output Coding 







Binary 


Offset Two's 
Complement 


Step 


Range 


True 


Inverted 


True 


Inverted 




-1.0000V FS 


NMINV - 1 


0 


0 


1 




7.874mV STEP 


NUNV = 1 


0 


1 


0 


000 


0.0000V 


0000000 


1111111 


1000000 


0111111 


001 


-0.0078V 


0000001 


1111110 


1000001 


0111110 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


063 


-0.4960V 


0111111 


1000000 


1111111 


0000000 


064 


-0.5039V 


1000000 


0111111 


0000000 


1111111 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


126 


-1.9921V 


1111110 


0000001 


0111110 


1000001 


127 


-1.0000V 


1111111 


0000000 


0111111 


1000000 



Note: 

1. Voltages are code midpoints when calibrated (see Calibration Section). 
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Calibration 

To calibrate the TDC1047, adjust Vrj and Vrb to set the 1st 
and 127th thresholds to the desired voltages in the block 
diagram. Note that R-j is greater than R, ensuring calibration 
with a positive voltage on Rj. Assuming a OV to -1V desired 
range, continuously strobe the converter with -0.0039V on the 
analog input, and adjust Vrj for output toggling between 



codes 00 and 01. Then apply -0.9961V and adjust Vrq for 
toggling between codes 126 and 127. Instead of adjusting Vrj, 
Ry can be connected to analog ground and the 0V end of the 
range calibrated with a buffer offset control. Rrj is a 
convenient point for gain adjust that is not in the analog signal 
path. These techniques are employed in Figure 5. 



Figure 5. Typical Interface Circuit 

+5v y — — — 




10, 16 





v C c 




D 1 (MSB) 




D 2 


TDC1047 




D 3 


% 










°4 


A GND 




Rt 




Rb 


°5 




°6 


D GND 






D 7 (LSB) 




NMINV 


CONV 


NLINV 







R13 
2.2K 



R14 
2.2K 



R15 
2.2K 



R16 
2.2K 



R17 
2.2K 



R18 

2.2K 

R19 
2.2K 



Notes: 



C2 v 

70//F 
25V 



1. Unless otherwise specified, all resistors are 1/4W, 2%. 

2. R1 - Z IN 

1 



/ 1000 R2 \ 
M00O + R2 / 



3. R2 " 



/ 2V Range \_ nnm 
V V REF Z IN/ 
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Ordering Information 



Product 


Temperature Range 


Screening 


Package 


Package 


Number 








Marking 


TDC1047B7C 


STD-T A =0°C to 70°C 


Commercial 


24 Pin CERDIP 


1047B7C 


TDC1047B7V 


EXT-T C =-55°C to 125°C 


MIL-STD-883 


24 Pin CERDIP 


1047B7V 



40G01393 Rev F 8/93 
For More Information call 1-800-722-7074. 



Raytheon Semiconductor 



3-61 



TDC1047 



3-62 Raytheon Semiconductor For More Information call 1 -800-722-7074. 



TDC1048 



TDC1048 

Monolithic Video A/D Converter 

8-Bit, 20 Msps 



Description 

The TDC1048 is a 20 Msps (Megasample per second) 
full-parallel (flash) analog-to-digital converter, capable of 
converting an analog signal with full-power frequency 
components up to 7 MHz into 8-bit digital words. A 
sample-and-hold circuit is not necessary. Low power 
consumption eases thermal considerations, and board 
space is minimized with a 28-pin package. All digital 
inputs and outputs are TTL compatible. 

The TDC1048 consists of 255 clocked latching 
comparators, combining logic, and an output buffer 
register. A single convert signal controls the conversion 
operation. The unit can be connected to give either true 
or inverted outputs in binary or offset two's complement 
coding. 



Functional Block Diagram 



Features 

♦ 8-bit resolution 

♦ 20 Msps conversion rate 

♦ Sample-and-hold circuit not required 

♦ Differential phase 1 degree 

♦ Differential gain 2.0% 

♦ 1/2 LSB linearity 

♦ Guaranteed monotonic 

♦ TTL compatible outputs 

♦ Selected data format 

♦ Available in 28-pin plastic DIP, CERDIP, or LCC 

♦ Mil-Std-883 compliant screening available 

♦ Available per standard military drawing 

Applications 

♦ Low-cost video digitizing 

♦ Radar data conversion 

♦ Data acquisition 

♦ Medical imaging 
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Pin Assignments 



D 1 (MSB) 


1 [ 




] 28 


NMINV 


D 2 


2 [ 




]27 




D 3 


3 [ 




]26 


R B 


D 4 


4[ 




3 25 


A GND 


D GND 


5[ 




] 24 


V IN 


V CC 


6 [ 




] 23 


V|N 


V EE 


7 [ 




]22 


V IN 


V E E 


8 [ 




]21 


V|N 


v E e 


9[ 




] 20 


V| N 


v C c 


10 [ 




]19 


A GND 


D GND 


11 [ 




]18 


Rt 


NLINV 


12 [ 




]17 


CONV 


D 5 


13 [ 




]16 


D 8 (LSB) 


D 6 


14 [ 




]15 


D 7 



NMINV 28 [ 
D 1 (MSB) 1 [ 



in n cm r- o O) 

CM CM CM CM CM CM 1— 




]18 R T 
117 CONV 
]16 D 8 (LSB) 
]15 D 7 
3 14 D 6 
]13 D 5 
]12 NLINV 



28 Pin CERDIP - B6 Package 
28 Pin Plastic DIP - N6 Package 



28 Contact Chip Carrier - C3 Package 



Functional Description 
General Information 

The TDC1048 has three functional sections: a comparator 
array, encoding logic, and output latches. The comparator 
array compares the input signal with 255 reference 
voltages to produce an N-of-255 code (sometimes 
referred to as a "thermometer" code, as all the compar- 
ators below the signal will be on, and all those above 
the signal will be off). The encoding logic converts the 
N-of-255 code into binary or offset two's complement 
coding, and can invert either output code. This coding 
function is controlled by DC signals on pins NMINV and 
NLINV. The output latch holds the output constant 
between updates. 

Power 

The TDC1048 operates from two supply voltages, + 5.0V 
and -5.2V. The return for lrjc, the current drawn from 
the +5.0V supply, is Dqinjq. The return for the 
current drawn from the -5.2V supply, is Aq^q. All 
power and ground pins must be connected. 

Reference 

The TDC1048 converts analog signals in the range 
Vpg<V||\|<VRj into digital form. Vrb (the voltage 
applied to the pin at the bottom of the reference resistor 



chain) and Vrj (the voltage applied to the pin at the top 
of the reference resistor chain) should be between 
+ 0.1V and -2.1V. Vrj should be more positive than 
Vrb within that range. The voltage applied across the 
reference resistor chain (Vrj-Vrb) must be between 1.8V 
and 2.2V. The nominal voltages are Vrj=0.0V, 
V RB =-2.0V. 

A midpoint tap, Fly, allows the converter to be adjusted 
for optimum linearity, although adjustment is not neces- 
sary to meet the linearity specification. It can also be 
used to achieve a nonlinear transfer function. The circuit 
shown in Figure 5 will provide approximately 1/2 LSB 
adjustment of the linearity midpoint. The characteristic 
impedance seen at this node is approximately 220G, 
and should be driven from a low-impedance source. Note 
that any load applied to this node will affect linearity, 
and noise introduced at this point will degrade the 
quantization process. 

Due to the variation in the reference currents with clock 
and input signals, Rj and Rb should be low-impedance- 
to-ground points. For circuits in which the reference is 
not varied, a bypass capacitor to ground is recom- 
mended. If the reference inputs are exercised dynami- 
cally, (as in an automatic gain control circuit), a low- 
impedance reference source is required. The reference 
voltages may be varied dynamically up to 5MHz. 
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Control 

Two function control pins, NMINV and NUNV are 
provided. These controls are for DC (i.e., steady state) 
use. They permit the output coding to be either straight 
binary or offset two's complement, in either true or 
inverted sense, according to the Output Coding Table. 
These pins are active LOW, as signified by the prefix 
"N" in the signal name. They may be tied to Vqq for a 
logic "1" and Dqnq for a logic "0." 

Convert 

The TDC1048 requires a convert (CONV) signal. A 
sample is taken (the comparators are latched) within 
15ns after a rising edge on the GONV pin. This time is 
tsjQ, Sampling Time Offset. This delay varies by a few 
nanoseconds from part to part and as a function of 
temperature, but the short-term uncertainty (jitter) in 
sampling offset time is less than 100 picoseconds. The 
255 to 8 encoding is performed on the falling edge of 
the CONV signal. The coded result is transferred to the 
output latches on the next rising edge. Data is held valid 
at the output register for at least \[\q, Output Hold 
Time, after the rising edge of CONV. New data becomes 
valid after a Digital Output Delay, tp, time. This permits 
the previous conversion result to be acquired by external 
circuitry at that rising edge, i.e., data for sample N is 



acquired by the external circuitry while the TDC1048 is 
taking input sample N + 2. 

Analog Input 

The TDC1048 uses strobed latching comparators which 
cause the input impedance to vary with the signal level, 
as comparator input transistors are cut-off or become 
active. As a result, for optimal performance, the source 
impedance of the driving device must be less than 25Q. 
The input signal will not damage the TDC1048 if it 
remains within the range of V^E to +0.5V. If the input 
signal is between the Vrj and Vrb references, the out- 
put will be a binary number between 0 and 255 
inclusive. A signal outside this range will indicate either 
full-scale positive or full-scale negative, depending on 
whether the signal is off-scale in the positive or negative 
direction. All five analog input pins must be connected 
together. 

Outputs 

The outputs of the TDC1048 are TTL compatible, capable 
of driving four low-power Schottky TTL (54/74 LS) unit 
loads or the equivalent. The outputs hold the previous 
data a minimum time (tj-| q) after the rising edge of the 
CONVert signal. For optimum performance, 2.2 kQ pull- 
up resistors are recommended. 



Package Interconnections 



Signal 


Signal 






B6, N6, C3 


Type 


Name 


Function 


Value 


Package Pins 


Power 


v C c 


Positive Supply Voltage 


+ 5.0V 


6, 10 




v E e 


Negative Supply Voltage 


-5.2V 


7, 8, 9 




D GND 


Digital Ground 


o.ov 


5, 11 




A GND 


Analog Ground 


o.ov 


19, 25 


Reference 


Rt 


Reference Resistor (Top) 


o.ov 


18 




R M 


Reference Resistor (Middle) 


-0.996V 


27 






Reference Resistor (Bottom) 


-2.0V 


26 


Controls 


NMINV 


Not Most Significant Bit INVert 


TTL 


28 




NUNV 


Not Least Significant Bit INVert 


TTL 


12 


Convert 


CONV 


Convert 


TTL 


17 


Analog Input 


V|N 


Analog Signal Input 


OVto -2V 


20, 21, 22, 23, 24 
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Package Interconnections (cont.) 



Signal 
Type 


Signal 
Name 


Function 


Value 


B6, N6, C3, R3 
Package Pins 


Outputs 


D 1 


MSB Output 


TTL 


1 


D 2 




TTL 


2 


°3 




TTL 


3 


D 4 




TTL 


4 


°5 




TTL 


13 


\ 




TTL 


14 






TTL 


15 


°8 


LSB Output 


TTL 


16 




Figure 2. Simplified Analog Input Equivalent Circuit 
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Figure 3. Convert Input Equivalent Circuit 



INPUT o r \ ( h 



Output Coding Table 









Binary 


Offset Two's Complement 


Step 


Range 


True 


Inverted 


True 


Inverted 




-2.0000V FS 


-2.0480V FS 


NMINV=1 


0 


0 


1 




7.8431 mV Step 


8.000mV Step 


NLINV=1 


0 


1 


0 


000 


0.0000V 


0.0000V 


00000000 


11111111 


10000000 


01111111 


001 


-0.0078V 


-0.0080V 


00000001 


11111110 


10000001 


01111110 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


127 


-0.9961V 


-1.0160V 


01111111 


10000000 


11111111 


00000000 


128 


-1.0039V 


-1.0240V 


10000000 


01111111 


00000000 


11111111 


129 


-1.0118V 


-1.0320V 


10000001 


01111110 


00000001 


11111110 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


254 


-1.9921V 


-2.0320V 


11111110 


00000001 


01111110 


10000001 


255 


-2.0000V 


-2.0400V 


11111111 


00000000 


01111111 


10000000 



Notes: 1. NMINV and NLINV are to be considered DC controls. They may be tied to +5V for a logical "1" and tied to ground for a logical "0." 
2. Voltages are code midpoints when calibrated by the procedure given below. 



Figure 4. Output Circuits 
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Absolute maximum ratings (beyond which the device may be damaged) 1 



Supply Voltages 

Vqq (measured to Dq^q) —0.5 to + 7.0V 

V^e (measured to Aqnq) . +0.5 to -7.0V 

A GND (measured to Dq^o) -0.5 to + 0.5V 

Input Voltages 

CONV, NMINV, NLINV (measured to D GND ) -0.5 to + 5.5V 

V IN' V RT' V RB (measured to Aq ND ) +0.5 to V EE 

V RT (measured to V RB ) + 2.2 to -2.2V 

Output 

Applied voltage (measured to Dq^q) - 0.5 to + 5.5V 2 

Applied current, externally forced - 1 .0 to + 6.0mA 3 4 

Short circuit duration (single output in HIGH state to ground) 1 Second 

Temperature 

Operating, ambient -55 to +125°C 

junction +175°C 

Lead, soldering (10 seconds) +300°C 

Storage -65 to +150°C 



Notes: 1 . Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as positive when flowing into the device. 

Operating conditions 







Temperature Range 








Standard 


Extended 




Parameter 




Min 


Norn 


Max 


Min 


Norn 


Max 


Units 


v C c 


Positive Supply Voltage 


4.75 


5.0 


5.25 


4.50 


5.0 


5.50 


V 


V E E 


Negative Supply Voltage 


-4.9 


-5.2 


-5.5 


-4.9 


-5.2 


-5.5 


V 


V AGND 


Analog Ground Voltage (Measured to Dq^q) 


-0.1 , 


0 


+ 0.1 


-0.1 


0 


+ 0.1 


V 


«PWL 


CONV Pulse Width, LOW 


18 






18 






ns 


'PWH 


CONV Pulse Width, HIGH 


22 






22 






ns 


V|L 


Input Voltage, Logic LOW 






0.8 






0.8 


V 


V|H 


Input Voltage, Logic HIGH 


2.0 






2.0 






V 


'0L 


Output Current, Logic LOW 






4.0 






4.0 


mA 


'oh 


Output Current, Logic HIGH 






-400 






-400 


^A 


Vrt 


Most Positive Reference Input 1 


-0.1 


0.0 


0.1 


-0.1 


0.0 


+ 0.1 


V 


Vrb 


Most Negative Reference Input 1 


-1.9 


-2.0 


-2.1 


-1.9 


-2.0 


-2.1 


V 


Vrt-Vrb 


Voltage Reference Differential 


1.8 


2.0 


2.2 


1.8 


2.0 


2.2 


V 


V|N 


Input Voltage 


Vrb 




v RT 


Vrb 




Vrt 


V 


T A 


Ambient Temperature, Still Air 


0 




70 








°C 




Case Temperature 








-55 




125 


°C 



Note: 1 Vpj Must be more positive than Vpg, and voltage reference differential must be within specified range. 
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Electrical characteristics within specified operating conditions 









Temperature Range 










Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


! CC 


Positive Supply Current 


Vqq = Max, static 1 




35 




40 


mA 


'EE 


Negative Supply Current 


V^^ = Max, static 1 
T A =0°C to 70°C 




-260 






mA 






T A = 70°C 




-185 






mA 






T C =-55°C to 125°C 








-320 


mA 






T C =125°C 








-180 


mA 


'ref 


Reference Current 


V RT , V RB = Nom 










mA 


R REF 


Total Reference Resistance 




50 




40 




Ohms 


R|N 


Input Equivalent Resistance 


Vox Vrm = Nnm Vim = Vnn 

V RT' V RB p,um ' V IN V RB 


IU 




1 n 
IU 




kOhms 


C IN 


Input Capacitance 


V RT' VRB = Nom, V )N =V RB 




100 




100 


pF 


! CB 


Input Constant Bias Current 


V^ = Max 




200 




550 


uA 


"IL 


Input Current, Logic LOW 


V cc = Max, V r 0.5V 
CONV 




-0.4 




-0.4 


mA 






NMINV, NUNV 




-0.6 




-0.6 


mA 


'IH 


Input Current, Logic HIGH 


Vqq = Max, V| = Z.4V 




50 




50 


/*A 


l| Input Current, Max Input Voltage 


Vqq - Max, V, = 5.5V 




1.0 




1.0 


mA 


vol 


Output Voltage, Logic LOW 


Vqq= Min, lQ|_=Max 




0.5 




0.5 


V 


Voh 


Output Voltage, Logic HIGH 


Vqq = Min, lQn = Max 


2.4 




2.4 




V 


'os 


Short Circuit Output Current 


Vqq= Max, Output HIGH, one pin to 
ground, one second duration max. 




-30 




-30 


mA 




Digital Input Capacitance 


T A =25°C, F=1MHz 




15 




15 


PF 



Note: 1 . Worst case, all digital inputs and outputs LOW. 



Switching characteristics within specified operating conditions 







Temperature Range 








Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


F5 Maximum Conversion Rate 


Vqq = Min, V|i[: = Min 


20 




20 




Msps 


tsjo Sampling Time Offset 


Vqq = Min, Vf^ = Min 


0 


10 


0 


15 


ns 


tp Digital Output Delay 


VQQ=Min, V^£ = Min, Load 1 




30 




35 


ns 


t^Q Digital Output Hold Time 


Vqq = Max, V^E^Max, Load 1 


5 




5 




ns 
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System performance characteristics within specified operating conditions 



Parameter 


Test Conditions 


Temperature Range 


Units 


Standard 


Extended 


Min 


Max 


Min 


Max 


Ey Linearity Error Integral, Independent 


Vpfl-, Vpg = Nom 




0.2 




0.2 


% 


Eld Linearity Error Differential 






u.z 






% 


CS Code Size 




25 


175 


25 


175 


% Nominal 


Eqj Offset Error, Top 


V IN = V RT 




+ 40 




+ 40 


mV 


Eqb Offset Error, Bottom 


V SN = V RB 




-30 




-30 


mV 


Tfjg Offset Error, Temperature Coefficient 






±20 




±20 


fA/l°C 


BW Bandwidth, Full Power Input 




7 




5 




MHz 


tjp Transient Response, Full-Scale 






20 




20 


ns 


SNR Signal-to-Noise Ratio 


20Msps Conversion Rate, 
10MHz Bandwidth 












Peak Signal/RMS Noise 


1.248MHz Input 


54 




53 




dB 


2.438MHz Input 


53 




52 




dB 


RMS Signal/RMS Noise 


1.248MHz Input 


45 




44 




dB 


2.438MHz Input 


44 




43 




dB 


E^p Aperture Error 






60 




60 


ps 


DP Differential Phase Error 


F s = 4xNTSC 




1.0 




1.0 


Degree 


DG Differential Gain Error 


F s = 4xNTSC 




2.0 




2.0 


% 


NPR Noise Power Ratio 


DC to 8MHz White Noise 
Bandwidth 4 Sigma Loading 
1.248MHz Slot 
20Msps Conversion Rate 


36.5 




36.5 




dB 



Calibration 

To calibrate the TDC1048, adjust Vrj and Vrr to set 
the 1st and 255th thresholds to the desired voltages. 
Note that R-j is greater than R, ensuring calibration with 
a positive voltage on Rj. Assuming a 0V to -2V 
desired range, continuously strobe the converter with 
-0.0039V (1/2 LSB from 0V) on the analog input, and 
adjust Vrj for output toggling between codes 00 and 
01. Then apply -1.996V (1/2 LSB from -2V) and 
adjust Vrr for toggling between codes 62 and 63. 

The degree of required adjustment is indicated by the 
offset error, Eqj and Eqb- Offset errors are generated 
by the inherent parasitic resistance between the package 
pin and the actual resistor chain on the integrated 
circuit. These parasitic resistors are shown as R-j and R2 



in the Functional Block Diagram. Calibration will cancel 
all offset voltages, eliminating offset and gain errors. 

The above method of calibration requires that both ends 
of the resistor chain, Rj and Rr, are driven by buffered 
operational amplifiers. Instead of adjusting Vrj, Rj can 
be connected to analog ground and the 0V end of the 
range calibrated with a buffer offset control. The offset 
error at the bottom of the resistor chain results in a 
slight gain error, which can be compensated for by 
varying the voltage applied to Rg. The bottom reference 
is a convenient point for gain adjust that is not in the 
analog signal path. These techniques are employed in 
Figure 6. 
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Typical Interface 

Figure 6 shows an example of a typical interface circuit 
for the TDC1048. The analog input amplifier is a bipolar 
wideband operational amplifier, which is used to directly 
drive the A/D converter. Bipolar inputs may be 
accommodated by adjusting the offset control. TRW's 
TDC4611 provides a stable reference for both the offset 
and gain control. All five V||\| pins are connected close to 
the device package, and the buffer amplifier feedback 
loop should be closed at that point. The buffer has a 
gain of minus two, increasing a 1Vp-p video input signal 
to the recommended 2Vp-p input for the A/D converter. 
Proper decoupling is recommended for all systems. 

The bottom reference voltage, Vrb, is supplied by an 
inverting amplifier on the LM611 , buffered with a PNP 
transistor. The transistor provides a low-impedance source 
and is necessary to sink the current flowing through the 
reference resistor chain. The bottom reference voltage 



can be adjusted to cancel the gain error introduced by 
the offset voltage, EqB/ as discussed m the Calibration 
section. 



Figure 5. Typical Reference Midpoint Adjust Circuit 




TDC1048 



Figure 6. Typical Interface Circuit 
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Ordering Information 



Product 
Number 


Temperature Range 


Screening 


Package 


Package 
Marking 


5962-8760001 XA 


EXT-T C = -55°C to125°C 


Per Standard Mil Drawing 


28-Pin Ceramic DIP 


5962-8760001 XA 


TDC1048C3C 
TDC1048C3V 


STD-T A = 0°Cto70°C 
EXT-T C = -55 0 Cto125°C 


Commercial 
MIL-STD-883 


28-Contact LCC 
28-Contact LCC 


1048C3C 
1048C3V 


5962-8760001 3A 


EXT-T c = -55 0 Cto125°C 


Per Standard Mil Drawing 


28-Contact LCC 


5962-8760001 3A 


TDC1048B6C 
TDC1048B6V 


STD - T A = 0°C to 70°C 
EXT-T C = -55°C to125°C 


Commercial 
MIL-STD-883 


28-Pin CERDIP 
28-Contact LCC 


1048B6C 
1048B6V 


TDC1048C3C 


STD - T A = 0°C to 70°C 


Commercial 


28-Contact LCC 


1048C3C 



40G01216 Revl 8/93 
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TDC1049 

High-Speed A/D Converter 

9-Bit, 30 Msps 



Description 

The TDC1049 is a flash (full-parallel) analog-to-digital 
converter capable of converting analog signals with full- 
power frequency components up to 15 MHz into 9-bit 
words at rates up to 30 Msps (Megasamples Per 
Second). A sample-and-hold circuit is not required. All 
digital inputs and outputs are differential ECL. 

The TDC1049 consists of 512 latching comparators, 
encoding logic and an output register. A differential 
convert signal controls the conversion operation. The 
outputs can be connected to give either true or inverted 
binary or offset two's complement formats. 



Functional Block Diagram 



Features 

♦ 30 Msps conversion rate, 1 5 MHz analog bandwidth 

♦ 9-Bit resolution and linearity 

♦ Sample-and-hold circuit not required 

♦ Differential phase 0.5 degrees 

♦ Differential gain 1.0% 

♦ Overflow flag 

♦ Single -5.2V power supply 

♦ Differential ECL outputs 

♦ Available in a 64-pin DIP, 68-contact LCC and 
68-pin ceramic pin grid array 

Applications 

♦ Video data conversion 

♦ Radar data conversion 

♦ High-speed data acquisition 



C0NV )- 
V| N >~ 



R T>~ 
0FS >- 



«TS >- 



-vw- 



"5 

-AVv- 







DIFFERENTIAL 
COMPARATORS 

(512) 



:> 



V S °1-9 
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Pin Assignments 



it m 



°6 
°i 
"5 

NC 9[ 
NC 10 [ 
V K0 11 E 
NC 12 £ 
NC 13 [ 

"eea 14 C 

NC 15[ 
NC 16 [ 

V EEA "t 
NC 18 [ 

V EEA «E 
NC 20 [ 
NC 21 [ 

v EEO aC 

NC 23 [ 
NC 24 [ 
AoNO^st 
NC 26 [ 
NC 27 [ 
28{ 
D4 29[ 
D 3 30[ 
O3 31 £ 
^32t 



3 64 D 8 

]63 D 9 (LSB) 

]62 Dg(LSB) 

]61 D GND 

]60 CONV 

3 59 CONV 

] 58 D GN0 

3 57 R TS 

356 OFS 

3 55 R T 

3 54 NC 

3 53 V |N 

352 Aqnq 

351 Aq ND 

3 50 v IN 

3 49 V, N 

3 48 R M 

3 47 V |N 

3 46 Aqnd 

3 45 Aqnu 

3 44 NC 

3 43 v IN 

3 42 NC 

341 R B 

3 40 n BS 

3 39 D 6ND 

3 38 D GND 

3 37 OVF 

3 36 OVF 

3 35 D 1 (MSB) 

3 34 D7 (MSB) 

3 33 D 2 



CONV 
CONV 



D 8 1[ 
D g (LSB) 2[ 
Dg(LSB) 3[ 
4[ 
5[ 
6[ 
7[ 
R TS s[ 
OFS H 
R T 10 [ 
NC 11 C 
V|N 12 J 
A GND 13 
AQND 14 
V IN 15 t 
V, N 16 [ 
R M 17 [ 
V, N 18 [ 
A GND 19 1 
AGND 20 C 
NC 21 [ 

V|N 

NC 23 [ 
R B 24 [ 
R BS 25 1 
°GND 26 [ 
DGND 27 C 
OVF 28[ 
OVF 29 [ 
D 1 (MSB) 30 [ 
a,(MSB) 31 [ 
D 2 32 [ 



3 64 Dg 

3 63 D 7 

3 62 D7 

361 D 6 

3 60 D 6 

3 59 T 5 

3 58 D 5 

3 57 A GND 

3 56 NC 

3 55 NC 

3 54 V EED 

3 53 NC 

] 52 NC 

3si v EEA 

3 50 NC 

349 NC 

3 48 V EEA 

3 47 NC 

3 46 V EEA 

3 45 NC 

3 44 NC 

3 43 V EED 

3 42 NC 

] 41 NC 

3 40 A GND 

] 39 NC 

]38 NC 

3 37 Dj 

3 36 D 4 

3 35 ^ 

3 34 D3 

3 33 D 2 



lis 




68 Contact LCC - C1 Package 



64 Pin DIP - JO Package 



64 Pin DIP - J3 Package 



Pin Assignments 

68 Pin Ceramic Pin Grid Array, G8 Package 



Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


A2 


NC 


B9 


v E ea 


F10 


D 8 


K4 


A GND 


A3 


V E ED 


B10 


NC 


F11 


D 7 


K5 


V|N 


A4 


NC 


B11 


A 6ND 


G1 


Dl 


K6 


V|N 


A5 


NC 


C1 


NC 


G2 


Dl 


K7 


NC 


A6 


NC 


C2 


NC 


G10 


D 9 


K8 


A GND 


A7 


NC 


C10 


D 5 


G11 


D 8 


K9 


V|N 


A8 


NC 


C11 


NC 


HI 


OVF 


K10 


R TS 


A9 


NC 


D1 


D 4 


H2 


OVF 


K11 


CONV 


A10 


V E ED 


D2 


D 4 


H10 


D GND 


L2 


NC 


B1 


NC 


D10 




H11 




L3 


NC 


B2 


A GND 


D11 


D 5 


J1 


NC 


L4 


A GND 


B3 


V E EA 


E1 


D 3 


J2 


D GND 


L5 


R M 


B4 


NC 


E2 


D 3 


J10 


CONV 


L6 


NC 


B5 


V E EA 


E10 


D 7 


J11 


D GND 


L7 


V|N 


B6 


v E ea 


Ell 


D 6 


K1 


R BS 


L8 


A GND 


B7 


v E ea 


F1 


D 2 


K2 


Rb 


L9 


R T 


B8 


NC 


F2 


D 2 


K3 




L10 


OFS 



©0Q00000© 
)©©©©©©©©#© 



©0 
0© 
0© 
0© 
©© 
©© 
©© 
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PIN 



©© 
©© 
©© 
©© 
©© 
©© 
©© 
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Functional Description 
General Information 

The TDC1049 has three functional sections: a comparator 
array, encoding logic and output register. The comparator 
array compares the input signal with 512 reference 
voltages to produce an N-of-512 code or "thermometer" 
code. The comparators referenced to voltages less than 
the input signal will be on and those referenced to 
voltages greater than the input signal will be off. The 
encoding logic converts the N-of-512 code into 9-bit 
binary data. The output register holds the output 
between updates. 

Power 

For optimum performance, separate analog and digital 
power, Veea anc ' ^EED should be supplied to the 
TDC1049. Separate analog and digital power supplies or 
a common supply with separate analog and digital paths 
and high-frequency decoupling can be used. The return 
path for the current drawn from Veea anc ' ^EED ' s 
Agi\ID anc ' Dgi\ID' respectively. The returns Aqnq and 
DgND should also be kept separate and connected 
together at the power supply terminals. It is recom- 
mended that provisions be made on the printed circuit 
board for shorting jumpers between analog and digital 
ground as close to the A/D converter as possible. The 
installation of the jumpers depends upon the printed 
circuit board layout and overall system performance once 
the system is in operation. The voltage difference 
between Veea anc ' ^EED must be less than +0.1V. The 
same voltage difference limit applies to the difference 
between Aqi\|d and DgND- AH power and ground inputs 
to the converter must be connected. 

Reference 

The TDC1049 converts analog signals in the range 
Vrb<V||\|<Vrj into digital form. Vrb (the voltage 
applied to Rg) at the bottom of the reference resistor 
chain, and Vrj (the voltage applied to Rj) at the top of 
the reference resistor chain, should both be between 
+ 0.1V and -2.1V. Within that range, Vrj must be 
more positive than Vrb- The linearity specification is 
based upon a 2.0V difference between Vrj and Vpg. 
The nominal voltages are Vrj=0.0V and Vrb=-2.0V. 
To avoid damage to the converter, the voltage across 
Vrj and Vrb must not exceed 2.2V. A decoupling 
capacitor is recommended between Rb and Agnq. Noise 
introduced at this point, as well as the other reference 
inputs (Rj, Rjs, R|\/|, Rbs, OFS), may result in encoding 
errors. 



A midpoint tap, R|\/|, allows the converter to be adjusted 
for optimum integral linearity. It can also be used to 
achieve a nonlinear transfer function, but adjustment of 
R|\/l is not required to meet 9-bit linearity. If this node is 
driven by external circuitry, it should be driven from a 
low-impedance source; if not used, it must be left open. 

Parasitic resistances, R1 and R2, introduce offset errors 
at the top and bottom of the reference resistor chain. 
Sense points, Rjs, Rbs and OFS, may be used to reduce 
the effect of these offset errors. Overflow Sense (OFS) 
may be used to reduce the effect of the offset at the 
overflow (most positive) comparator whenever the 
Overflow (OVF, OVF) flags are used. Sense points are not 
required for 9-bit linearity and, if not used, they must be 
left open. 

Convert 

The TDC1049 requires a differential ECL clock (CONV 
and CONV) signal. The conversion occurs (the 
comparators are latched) within tglO (Sampling Time 
Offset) of the rising edge of CONV. The 512 to 9 
encoding is performed on the falling edge of the CONV 
signal. The coded result is transferred to the output 
register on the next rising edge of CONV. Data for 
sample N is available at the output tp (Output Delay 
Time) after the rising edge of sample N + 1. 

Analog Input 

The TDC1049 uses latching comparators which are 
connected to the analog inputs V||\|. For optimal 
performance, the source impedance of the driver 
amplifier should be less than 2512. The input signal will 
not damage the TDC1049 if it remains within the range 
of Veea t0 +0.5V. If the input signal is between the 
Vrj and Vrb, the output will be a binary number 
between 0 and 511 inclusive. All five analog inputs must 
be connected. 

Outputs 

The outputs of the TDC1049 are differential ECL The 
recommended pull-down resistance is 50012 to -2V, 
or a 220/33012 termination between Dqnd and Veed- 
The OVF signal indicates that the analog input has 
exceeded the threshold of the most positive comparator. 
Data is held valid at the output register for at least 
tHO (Output Hold Time) after the rising edge of CONV. 
New data becomes valid to after the rising edge of 
CONV. 
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No Connects 

There are several pins labeled NC (No Connect). These 
pins are not connected internally and may be either left 
open or connected to analog ground to aid heat transfer 
from the package and to reduce electrical noise. 



Package Interconnections 



Signal 
Name 


Function 


Value 


J3 Package Pins 


JO Package Pins 


C1 Package Pins 


G8 Package Pins 


veea 


Analog Supply Voltage 


-5.2V 


46, 48, 51 


14, 17, 19 


14, 16, 18, 20,21 


B9, B7, B6, B5 


V EED 


Digital Supply Voltage 


c 0\/ 
— b.ZV 


43, 54 


1 1, 22 


13, 22 


A3, A10 


dgnd 


Digital Ground 


o.ov 


4, 7, 26, 27 


oo on co ci 
6o, oa, bo, bl 


41, 65 


IO 111 lm n 

Jz, Jl 1, H1U 


A GND 


Analog Ground 


u.UV 


10 14 iq on An 
Id, 1 4, Is, zU, 4U, 0/ 


Q OC /IE /IC C1 CO 

o, zb, 4b, 4b, b I , bz 


Q 07 AQ AQ CC C"7 

y, Z7, 4o, 4y, bb, b/ 


DO V A 1 A I/O 1 O 

DZ, l\4, L4, No, Lo, 

D1 1 
bl 1 


Rt 


Reference Resistor, Top 


O.OV 


10 


55 


59 


L9 


Rts 


Reference Resistor, Top Sense 


o.ov 


8 


57 


62 


K10 


Rb 


Reference Resistor, Bottom 


-2.0V 


24 


41 


44 


K2 


Rbs 


Reference Resistor, Bottom Sense 


-2.0V 


25 


40 


43 


K1 


Rm 


Reference Resistor, Midpoint 


-1.0V 


17 


48 


52 


L5 


OFS 


Overflow Sense 


O.OV 


9 


56 


61 


L10 


C0NV 


Convert 


ECL 


5 


60 


64 


J10 


C0NV 


Convert, Complement 


ECL 


6 


59 


63 


K11 


V|N 


Analog Signal Input 


OVto -2V 


12, 15, 16, 18, 22 


43, 47, 49, 50, 53 


46, 50, 53, 54, 58 


K3, K5, K6, L7, K9 


Di MSB 


Most Significant Bit 


ECL 


30 


35 


38 


G1 


Di MSB 


Most Significant Bit Complement 


ECL 


31 


34 


37 


G2 


D 2 




ECL 


32 


33 


36 


F1 


D 2 




ECL 


33 


32 


35 


F2 


D3 




ECL 


34 


31 


34 


E1 


D3 




ECL 


35 


30 


33 


E2 


D 4 




ECL 


36 


29 


32 


D1 


D 4 




ECL 


37 


28 


31 


D2 


D 5 




ECL 


58 


7 


7 


CIO 


u b 




ECL 


59 


6 


6 


on 


D6 




ECL 


60 


5 


5 


D10 


D6 




ECL 


61 


4 


4 


E11 


Dy 




ECL 


62 


3 


3 


E10 


D7 




ECL 


63 


2 


2 


F11 


D8 




ECL 


64 


1 


1 


F10 


D8 




ECL 


1 


64 


68 


G11 


Dg LSB 


Least Significant Bit 


ECL 


2 


63 


67 


G10 


DgLSB 


Least Significant Bit Complement 


ECL 


3 


62 


66 


H11 


0VF 


Overflow Output 


ECL 


28 


37 


40 


H2 


OVF 


Overflow Output Complement 


ECL 


29 


36 


39 


H1 


NC 


No Connect 


Open 


11,21,23, 38, 39,41, 


9,10,12,13,15, 16, 


8,10,11,12,15,17, 


B1,C2,C1,J1,L2, 








42, 44, 45, 47,49, 50, 


18, 20,21,23, 24, 


19, 23, 24, 25, 26, 28, 


L3, L6, K7,C11,B10, 








52, 53, 55, 56 


26, 27, 42, 44, 54 


29, 30, 42, 45, 47,51, 
56, 60 


A9, B8, A8, A7,A6, 
A5, B4,A4,A2 
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Output Coding Table 1 





OVF 


D 1 Dg 
MSB LSB 


+ 00039V 

1 U.UUJJ V 


1 


000000000 


0.0000V 


0 


000000000 


-0.0039V 


0 


000000001 


• 


• 


• 


• 


• 


• 


• 


• 


• 


-0.9980V 


0 


011111111 


-1.0020V 


0 


100000000 


-1.0059V 


0 


100000001 


• 


• 


• 


• 


• 


• 


• 


• 


• 


-1.9961V 


0 


111111110 


-2.0000V 


0 


111111111 



Note: 1. Voltages are code midpoints. 




Figure 2. Simplified Analog Input Equivalent Circuits 
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Figure 3. Digital Input Equivalent Circuit 

— O D GND 



CONV 





CONV 



? 

Veed 



Figure 4. Output Circuits 

D GND O- 



V EED O 



TO 

OUTPUT O- 
PIN 




O D 



OUTPUT EQUIVALENT CIRCUIT 



20pF 



I 



500 ft 



LOAD 1 

TEST LOAD FOR DELAY 
MEASUREMENTS 



-2.0V 



Figure 5. CONVert, CONVert Switching Levels 



0.0V 



V|DF 



V ICM MIN 



\ 

\ 

\ 

\ \ 
\ \ 
\ \ 

■ — \ — 

\ \ 
\ \ 



V ICM MAX 



-1.3V 
CONV 

CONV 
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Absolute maximum ratings (beyond which the device may be damaged) 1 



Supply Voltages 

V^ed (measured to Dq^q) +0.5 to -7.0V 

V^ea (measured to Aqnq) +0.5 to -7.0V 

^GND (measured to Dqnq) +1.0 to -1.0V 

V^ea (measured to V^p) +0- 5 t0 -0.5V 

Input Voltages 2 

CONV, CONV (measured to D GND ) +0.5 to V EE 

V IN' V RT' V RB (measured to A GND ) +0.5 to V EE 

V RT (measured to V RB ) +2.5 to -2.5V 

Output 

Short-circuit duration (single output in HIGH state to ground) Infinite 

Temperature 

Operating, case -60 to +140°C 

junction +175°C 

Lead, soldering (10 seconds) +300°C 

Storage -65 to +150°C 



Notes: 1 . Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions is NOT implied. 
2. Applied voltage must be current limited to specified range. 

Operating conditions 







Temperature Range 








Standard 


Extended 




Parameter 




Min 


Norn 


Max 


Min 


Norn 


Max 


Units 


v E ed 


Digital Supply Voltage (measured to DqND) 


-4.9 


-5.2 


-5.5 


-4.9 


-5.2 


-5.5 


V 


v E ea 


Analog Supply Voltage (measured to Aq^q) 


-4.9 


-5.2 


-5.5 


-4.9 


-5.2 


-5.5 


V 


V AGND 


Analog Ground Voltage (measured to Dq^q) 


-0.1 


0.0 


+ 0.1 


-0.1 


0.0 


+ 0.1 


V 


V EEA _V EED 


Supply Voltage Differential 


-0.1 


0.0 


+ 0.1 


-0.1 


0.0 


+ 0.1 


V 


l PWL 


CONV Pulse Width, LOW 


12 






12 






ns 


l PWH 


CONV Pulse Width, HIGH 


15 






15 






ns 


V ICM 


Input Voltage, Common Mode 


-0.5 




-2.5 


-0.5 




-2.5 


V 


V|DF 


Input Voltage, Differential 


0.3 




1.2 


0.3 




1.2 


V 


V|N 


Input Voltage Range 


Vrb 




Vrt 


Vrb 




Vrt 


V 


Vrt 


Most Positive Reference Input 1 


-0.1 


0.0 


0.1 


-0.1 


0.0 


+ 0.1 


V 


Vrb 


Most Negative Reference Input 1 


-1.9 


-2.0 


-2.1 


-1.9 


-2.0 


-2.1 


V 


Vrj-Vrb 


Voltage Reference Differential 


1.8 


2.0 


2.2 


1.8 


2.0 


2.2 


V 


T A 


Ambient Temperature, Still Air 


0 




70 








°C 




Case Temperature 








-55 




125 


°C 



Note: 1. Vrj Must be more positive than V R g, and voltage reference differential must be within specified range. 
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Electrical characteristics within specified operating conditions 



Parameter 


Test Conditions 


Temperature Range 


Units 


Standard 


Extended 


Min 


Max 


Min 


Max 


l EE Supply Current 


V EED' V EEA =Max 
T A =0°Cto70°C 




-950 






mA 


T A =70°C 




-750 






mA 


T C =-55°C to 125°C 








-1090 


mA 










-750 


mA 


IrEP Reference Current 


V RT' V RB = Nom 


10 


36 


10 


36 


mA 


Rp EE Total Reference Resistance 




56 


200 


56 


200 


Ohms 


n|M llipUL CljUIValclll ncbloldlluc 


V RT' VRB- Nom ' V IN -V RB 


16 




16 




M"lhmc 
IvUlllllo 


C||\| Analog Input Capacitance 


V RT' V RB = Nom, V, N =V RB 




160 




160 


pF 


ICB Input Constant Bias Current 


V EEA = Max, V|N = 0V 




500 




750 




l| Input Current, CONV, CONV 


V EED = Max, V,= -0.7V 




150 




180 




V 0 l 0ut P ut Voltage, Logic LOW 1 


V EE rj=Nom 




-1.6 




-1.5 


V 


V 0H Output Voltage, Logic HIGH 1 


V EE Q = Nom 


-0.95 




-1.1 




V 


C| Digital Input Capacitance 


T A =25°C, f=1MHz 




20 




20 


pF 



Note: 1. Test Load = 500Q to -2V on each output. 



Switching characteristics within specified operating conditions 







Temperature Range 








Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


F5 Maximum Conversion Rate 


V EED' V EEA =Min 


30 




30 




Msps 


tgyo Sampling Time Offset 


V EED' V EEA =Min 


-2 


6 


-2 


6 


ns 


t D Output Delay 1 


V EED' V EEA =Min 




27 




27 


ns 


tpjo Output Hold Time 1 


V EED' V EEA =Min 


3 




3 




ns 



Note: 1. Test Load = 500fi to -2V on each output, C L0AD = 20pF. 
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System performance characteristics within specified operating conditions 









Temperature Range 










Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 




Linearity Error Integral, Independent 


V RT' V R B = Nom 




0.15 




0.20 


% 






Vrj, V RB = Nom, V R m Adjusted 




0.10 




0.10 


% 


Eld 


Linearity Error Differential 


V RT' V RB = Nom 




0.1 




0.1 


% 


Q 


Code Size 


V RT' V RB = Nom 


15 


185 


15 


185 


% Nominal 


fc 0TS 


Ullocl CllUl, 1 Up 


V||yj=V R j, Rj5 Connected 




±4 




±4 


mV 


t 0T 


Ullocl CllUl, 1 Up 


V|N=V RT 




30 




30 


mV 


EOBS 


Offset Error, Bottom 


V IN = VRB' R B s Connected 




±4 




±4 


mV 


E 0B 


Offset Error, Bottom 


V IN =V RB 




-30 




-30 


mV 


T C0 


Offset Error, Temperature Coefficient 






20 




20 




tTR 


Transient Response, Full-Scale 






20 




20 


ns 


BW 


Bandwidth, Full Power Input 


±0.9dB Frequency Response 


15 




15 




MHz 


SNR 


Signal-to-Noise Ratio 


30Msps Conversion Rate, 
10MHz Bandwidth 














Peak Signal/RMS Noise 


1.25MHz Input 


57 




57 




dB 






5.0MHz Input 


53 




53 




dB 




RMS Signal/RMS Noise 


1.25MHz Input 


48 




48 




dB 






5.0MHz Input 


44 




44 




dB 


E AP 


Aperture Error 






50 




50 


ps 


DP 


Differential Phase Error 


F s = 4xNTSC 




0.5 




0.5 


Degree 


DG 


Differential Gain Error 


F s =4xNTSC 




1.5 




1.5 


% 



Typical Performance Curves 

A. Power Supply Current vs. Temperature 



B. SNR vs. Analog Input Frequency 




0° 25° 50° 
CASE TEMPERATURE (°C) 



1.248 2.438 3.58 5 6 7 8 9 10 11 12 
ANALOG INPUT FREQUENCY (MHz) 
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Standard Military Drawing 

These devices are also available as products manufac- 
tured, tested, and screened in compliance with Standard 
Military Drawings (SMDs). The nearest vendor equivalent 
product is shown below; however, the applicable SMD is 
the sole controlling document defining the SMD product. 



Ordering Information 



Product 
Number 


Temperature Range 


Screening 


Package 


Package 
Marking 


TDC1049J0C 
TDC1049J0V 
5962-8853201 XA 


STD-T A = 0°Cto70°C 
EXT-T c = -55°Cto125°C 
EXT-T c = -55°Cto125 <> C 


Commercial 
MIL-STD-883 
Per Standard Mil Drawing 


64-Pin Ceramic DIP 
64-Pin Ceramic DIP 
64-Pin Ceramic DIP 


049J0C 
1049J0V 
5962-8853201 XA 


TDC1049C1C 
TDC1049C1V 
5962^8853201 ZA 


STD-T A = 0°Cto70 o C 
EXT-T c = -55°Cto125°C 
EXT-T C = -55°Cto125°C 


Commercial 
MIL-STD-883 
Per Standard Mil Drawing 


68-Contact Ceramic LCC 
68-Contact Ceramic LCC 
68-Contact Ceramic LCC 


1049C1C 
1049C1V 
5962-8853201 ZA 


TDC1049G8C 
TDC1049G8V 


STD-T A =0°Cto70°C 
EXT-T C = -55°C to125°C 


Commercial 
MIL-STD^883 


68-Pin Ceramic PGA 
68-Pin Ceramic PGA 


1049G8C 
1049G8V 



Standard Military 


Nearest Equivalent 


Package 


Drawing 


Raytheon Product No. 




5962^8853201XA 


TDC1049J0V 


64-Pin Ceramic DIP 


5962-8853201 YA 


TDC1049J3V 


64-Pin Ceramic DIP 


5962-8853201ZA 


TDC1049C1V 


68-Contact Chip Carrier 


5962^8853201 UA 


TDC1049L1V 


68-Contact Chip Carrier 



40G03657 Rev E 8/93 
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TDC1058 

Monolithic Video A/D Converter 

8-Bit, 20 Msps, Low Power 



Description 

The TDC1058 is a flash analog-to-digital converter 
capable of converting a video-speed signal into a stream 
of 8-bit digital words at 20 Msps (MegaSamples Per 
Second). Since the TDC1058 is a flash converter, a 
sample-and-hold circuit is not required. 

The TDC1058 consists of 255 clocked latching 
comparators, combining logic, and an output register. A 
single convert clock controls the conversion operation. 
The unit can be configured to give either true or inverted 
outputs in binary or offset two's complement coding. All 
digital l/Os are TTL compatible. 

Features 

♦ 8-bit resolution 

♦ DC to 20 Msps conversion rate 

♦ 7 MHz full-power bandwidth 

♦ 60 MHz small signal -3 dB bandwidth 

♦ 1/2 LSB linearity 



♦ 600 mW power dissipation 

♦ +5V single supply operation 

♦ Lowest cost 

♦ Pin compatible with CXA1 096P, ADC-304 

♦ Sample-and-hold circuit not required 

♦ Analog input range +3V to +5V 

♦ Differential phase 0.5° 

♦ Differential gain 1% 

♦ Selectable data format 

♦ Available in plastic DIP, CERDIP, and PLCC 

Applications 

♦ Digital television 

♦ PC-based data acquisition 

♦ Video digitizing 

♦ Medical imaging 

♦ High energy physics 

♦ Low cost, low power, high-speed data conversion 



Pin Assignments 



D-j (MSB) 1 [ 


^ ]28 NMINV 


D 2 2 [ 


]27 R M 


D 3 3[ 


3 26 Rg 


D 4 4 [ 


] 25 V CCA 


D GND 5 E 


]24 NC 


V CC D 6 C 


]23 V |N 


A GND 7 t 


]22 NC 


A GND fi [ 


3 21 v IN 


A GND 9 t 


3 20 NC 


V C CD 10 t 


3 19 v CCA 


D GND 11 C 


318 R T 


NLINV 12 [ 


3 17 CONV 


D 5 13 [ 


316 D 8 (LSB) 


D 6 14 [ 


315 D 7 



R B 26 C 

R M 27 C 
NMINV 28 [ 
D 1 (MSB) 1 [ 
D 2 2[ 
D 3 3[ 
D 4 4[ 



N W S * 



^ UUUUUU1 



f-- CO <J> C3 -T— 

3 Q Q Q Q Q 



3 18 R T 

3 17 CONV 

] 16 Dg (LSB) 

3 15 D 7 

314 D 6 

3 13 D 5 

3 12 NLINV 



28 Pin CERDIP - B6 Package 
28 Pin Plastic DIP - N6 Package 



28 Leaded Plastic Chip Carrier - R3 Package 
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Functional Block Diagram 



NMINV > 
NLINV > 
CONV> 




Functional Description 
General Information 

The TDC1058 has three functional sections: a compar- 
ator array, encoding logic, and output registers. The 
comparator array compares the input signal with 255 
reference voltages to produce an N-of-255 code (or 
thermometer code, since all the comparators whose 
reference is more negative than the input signal will be 
on, and all those whose reference is more positive will 
be off). The encoding logic converts the N-of-255 code 
into the user's choice of coding. The output register 
holds the output constant between updates. 



Power 

The TDC1058 operates from a single supply voltage: 
+ 5.0V. All power and ground pins must be connected. 

Reference 

The TDC1058 converts analog signals in the range 
VRB <V||\| < Vrj into digital form. Nominally, Vrb is 
set to 3V and Vrj is set to 5V. However, the specifi- 
cations of the TDC1058 are guaranteed as long as the 
following three reference operating conditions are met: 
1.) the voltage applied across the reference resistor 
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Reference (cont.) 

chain (Vrj-Vrb) is within the range of 1.8 to 2.2V, 2.) 
Vrt<(Vcca+°- 1v ) and 3 -l Vrb > 2.65V. Therefore, if 
the supply voltage is expected to drop below 4.9V, the 
reference voltages should be lowered accordingly. For 
instance, if the system design allows the supply voltage 
to drop to the minimum recommended value of 4.75V, 
Vrj should be set to 4.65V and Vrb should be set to 
2.65V. These reference voltages will allow the TDC1058 
to give fully guaranteed performance over the full supply 
voltage range. See the Operating Conditions Table for 
further information. 

Linearity is guaranteed with no adjustment; however, a 
midpoint tap, R|\/|, allows for the optional trimming of 
converter integral linearity as well as the creation of a 
nonlinear transfer function. This is explained in the 
Application Note IP-IS "Non-Linear AID Conversion'.' 
The circuit shown in Figure 7 will provide approximately 
a 1/2 LSB adjustment of the linearity at midscale. The 
characteristic impedance seen at this node is approxi- 
mately 220 Ohms and should be driven from a low- 
impedance source. Note that any load applied to this 
node will affect linearity and any noise introduced at this 
point will degrade the overall SNR. Due to the slight 
variation in the reference current with clock and input 
signals, Rj and Rg should be low-impedance-to- 
ground points. For circuits in which the reference is not 
varied, a bypass capacitor (0.01 to 0.1/aF) to ground is 
recommended. If the reference inputs are exercised 
dynamically (as in an automatic gain control circuit) a 
low-impedance reference source is required. The 
reference voltages may be varied dynamically at up to 
5MHz; however, device performance is specified with 
fixed reference voltages as defined in the Operating 
Conditions Table. 

Analog Input 

For precise quantization, the TDC1058 uses latching 
comparators. The source impedance of the driving circuit 
must be less than 25 Ohms, for optimum overall system 
performance. If the input signal is between the Vrj and 
Vrb references, the output will be a binary number from 
0 to 255. When a signal outside the recommended input 
voltage range (Vrb to Vrj) is applied, the output will 
remain at either full-scale value. The input signal will not 



damage the TDC1058 if it remains within the range 
specified in the Absolute Maximum Ratings Table. 
Both analog input pins are connected together internally 
and therefore either one or both may be used. 

Convert 

The TDC1058 requires an external convert (CONV) signal. 
Because the TDC1058 is a flash converter it does not 
require a track-and-hold circuit. A sample is taken (the 
outputs of the comparators are latched) within tgjg 
(Sampling Time Offset) after a rising edge on the CONV 
pin. The result is encoded on the falling edge, and then 
transferred to the output registers on the next rising 
edge. The output becomes valid tp (Output Delay Time) 
after the rising edge of CONVert and remains valid for at 
least tf-io (Output Hold Time) after the rising edge of 
CONVert. Therefore, the value of sample N becomes 
valid tQ after the rising edge of clock N + 1 and remains 
valid until tj-jg after the rising edge of clock N + 2. (See 
Figure I Timing Diagram.) 

Output Format Control 

Two output format control pins, NMINV and NUNV, are 
provided. These controls are for DC (i.e., steady state) 
use. They permit the output coding to be either straight 
binary or offset two's complement, in either true or 
inverted sense, according to the Output Coding Table. 
These pins are active LOW, as signified by the N prefix 
in the signal name. They may be tied to Vqq (through a 
4.7 kOhm resistor) for a logic HIGH or DqND f° r a '°9' c 
LOW 

Outputs 

The outputs of the TDC1058 are TTL compatible and 
capable of driving four low-power Schottky TTL (54/74 
LS) loads or the equivalent. The outputs hold the pre- 
vious data for a minimum of tno a ^ er the rising edge of 
the CONVert signal. 

Not Connected 

There are several pins that have no internal connection 
to the chip. They should be left open. 
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Package Interconnections 



Signal 
Type 


Signal 
Name 


Function 


Value 


B6, N6, R3 
Package Pins 


Power 


V CCD 


Digital Supply Voltage 


+ 5.0V 


6, 10 


V CCA 


Analog Supply Voltage 


+ 5.0V 


19, 25 


A GND 


Analog Ground 


n n\/ 


7 Q Q 

/, 0, y 


D 6ND 


Digital Ground 


o.ov 


5, 11 


Reference 


Rt 


Rpfprpnrp Rp<sKtnr /Tnn) 


5.0V 


18 


R M 


Reference Resistor (Middle) 


4.0V 


27 


«B 


Reference Resistor (Bottom) 


3.0V 


26 


Analog Input 


V IN 


Analog Signal Input 


See Text 


21, 23 


Convert 


CONV 


Convert 


TTL 


17 


Format Control 


NMINV 


Not Most Significant Bit Invert 


TTL 


28 


NLINV 


Not Least Significant Bit Invert 


TTL 


12 


Data Output 


u 1 


IVIUM OiyillMudlll Dll UUipUl 


TTI 

1 1 L 


1 


D 2 




TTL 


2 


°3 




TTL 


3 


D 4 




TTL 


4 


D 5 




TTL 


13 


D 6 




TTL 


14 


D 7 




TTL 


15 


D 8 


Least Significant Bit Output 


TTL 


16 


Not Connected 


NC 


Not Connected 


Open 


20, 22, 24 



Figure 1. Timing Diagram 



CONV 



_/g AMPLE V 



ANALOG INPUT 



l PWH ^j"^ Wl - ^ 

/ SAMPLE \ / SAMPLE \ 

/| N + 1 |\ 1\ N + 2 V- 



— H H^r «sto 

ZEE 



DIGITAL OUTPUT 



DATA 
N-1 



DATA 
N 



*HO 



3E 



f 



DATA 
N + 1 



Figure 2. Simplified Analog Input Equivalent Circuit 

VCCA 

V IN r 



V,N °~1 1 1 J 1 T 

C IN = = 0'CB fW K J~ 



v INO 



GND 



~ v 

V RB A GND 



C, N IS A NONLINEAR JUNCTION CAPACITANCE 

V RB IS A VOLTAGE EQUAL TO THE VOLTAGE ON PIN R B 





. y A y REFERENCE . y 

GND GND RESISTOR A GND 

CHAIN 
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Figure 3. Convert Input Equivalent Circuit 

V CCD<> 



INPUTO 




GND 



GND 



Figure 4. Output Circuit 



-ov ( 
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Output Coding Table 





Binary 


Offset Two's Complement 




True 


Inverted 


True 


Inverted 


Input 


NMINV=HIGH 


NMINV = LOW 


NMINV = LOW 


NMINV = HIGH 


Voltage 


NLINV = HIGH 


NLINV = L0W 


NLINV=HIGH 


NLINV=LOW 


5.0000V 


0000 0000 


1111 1111 


1000 0000 


0111 1111 


4.9922V 


0000 0001 


11111110 


1000 0001 


0111 1110 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 




4.0078V 


0111 1111 


1000 0000 


1111 1111 


0000 0000 


4.0000V 


1000 0000 


0111 1111 


0000 0000 


1111 1111 


3.9922V 


1000 0001 


0111 1110 


0000 0001 


1111 1110 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


3.0156V 


1111 1110 


0000 0001 


0111 1110 


1000 0001 


3.0078V 


1111 1111 


0000 0000 


0111 1111 


1000 0000 



Notes: 1. NMINV and NLINV are to be considered DC controls. They may be tied to +5V through a 4.7 kOhm resistor for a logic HIGH or tied to 
ground for a logic LOW. 
2. Voltages are code midpoints. 
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Absolute maximum ratings (beyond which the device may be damaged) 1 



Power Supply Voltages 

Vqca (measured to Aqnd) -0.5 to +7.0V 

VcCD (measured to Dqnd) -0.5 to +7.0V 

Aqnd (measured to Dqnd) -0-5 to +0.5V 



Input Voltages 

CONV, NLINV, NMINV -0.5 to Vcc+0.5V 

V|N* Vrj, Vrb (measured to Aqnd) -0-5 to +5.5V 

Vrt (measured to Vrb) -2.2 to +2.2V 



Input Currents 

CONV, NLINV, NMINV -50 to +50 mA 

V|N* Vrt, Vrb -100 to +100 mA 



Digital Outputs 

Applied voltage2 -0.5 to Vcc+0.5V 

Applied current3,4 -50 to +50 mA 

Short-circuit duration (single output in HIGH state to GND) 1 second. 



Temperature 

Operating, ambient (all packages except N6 and R3) -55 to +125°C 

(N6 and R3 packages only) -20 to 90°C 

junction (all packages) +175°C 

Lead, soldering, all packages (10 seconds) +300°C 

Storage -65to+150°C 



Notes: 1 . Absolute maximum ratings are limiting values applied individually while all other parameters are 
within specified 

operating conditions. Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current, flowing into the device. 
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Operating Conditions 







Temperature Range 








Standard 


Extended 






Parameter 


Min 


Norn 


Max 


Min 


Norn 


Max 


Units 


V CCA 


Analnn O i ir\i>\lw \ fr\\+?\rxf\ 

Mnaiog ouppiy vonage 


A "7C 


0.0 


D.ZO 


4.50 


C A 

5.0 


5.50 


V 


VcCD 


L/igiioi ouppiy voixage 


A 7K 


k n 


O.ZO 


A 

4.DU 


O.U 


5.50 


V 


Vagnd 


Analog Ground Voltage (Measured to Dqnd) 


J\ 1 
-v. I 


n n 


U 


+U. I 


u 


A 1 

0.1 


V 


tDtAII 


CONV Pukp Width LOW 


1Q 






1 o 






ns 


tPWH 


CONV Pulse Width, HIGH 


27 






22 






ns 


V|L 


Input Voltage, Logic LOW 






0.8 






u.o 


V 


V|H 


Input Voltage, Logic HIGH 


2.0 






2.0 






V 


lOL 


Output Current, Logic LOW 






4.0 






4.0 


mA 


lOH 


Output Current, Logic HIGH 






400 






-400 


ma 


Vrt 


Most Positive Reference Input 1 




5.0 


VCCA = 0.1 


4.9 


5.0 


5.1 


V 


VRB 


Most Negative Reference Input 1 


2,65 


3.0 




2.9 


3.0 


3.1 


V 


Vrt-Vrb 


Voltage Reference Differential 


1.8 


2.0 


2.2 


1.8 


2.0 


2.2 


V 


V|N 


Input Voltage 


Vrb 




Vrt 


Vrb 




Vrt 


V 


T A 


Ambient Temperature, Still Air 


0 




70 








°c 


TA 


Case Temperature 








-55 




125 


°c 



Note: 1 . Vrt must be more positive than Vrb, and voltage reference differential must be within specified range. 



Thermal characteristics (approximate) 



Parameter 


Package 


Typical 


Units 


6j a Thermal Resistance, Junction to Ambient 


N6 


45 


°C/W 


R3 


65 


°c/w 




B6 


50 


°c/w 


0j c Thermal Resistance, Junction to Case 


N6 


17 


°c/w 


R3 


14 


°c/w 




B6 


TBD 


°c/w 
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Electrical characteristics within specified operating conditions 









Temperature Range 










Standard 


Extended 




Parameter 




Test Conditions 


Min 


Max 


Min 


Max 


Units 


ICCA+ICCD 


Total Supply Current 


Vcc=Max 1 




160 




160 


mA 


iREF 


Reference Current 


Vrt, VRB=Nom 




30 




50 


mA 


Rref 


Total Reference Resistance 




67 




40 




Ohms 


Rin 


Input Equivalent Resistance 


Vrt, VRB=Nom, V|n=Vrb 


80 




40 




kOhms 


C|N 


Input Capacitance 


Vrt, VRB=Nom, V|N=Vrb 




50 




50 


pF 


•CB 


Input Constant Bias Current 


VcCA=Max 




250 




500 


uA 


i|L 


Input Current Logic LOW 


Vcc=Max, V|=0.4V 




-0.6 




-0.6 


mA 


llH 


Input Current Logic HIGH 


Vcc=Max, V|=2.4V 


-200 


50 


400 


50 


MA 


ll 


Input Current Max Input Voltage 


VCC=Min, loL=Max 




1.0 




1.0 


mA 


vol 


Output Voltage, Logic LOW 


Vcc=Min, loL=Max 




0.5 




0.5 


V 


VOH 


Output Voltage, Logic HIGH 


Vcc=Min, loH=Max 


2.4 




2.4 




V 


»os 


Short-Circuit Output Current 


Vcc=Max, Output HIGH, one pin to 




-40 




■40 


mA 






ground, one second duration max 












C| 


Digital Input Capacitance 


Ta=25°C, F=1 MHz 




15 




15 


pF 



Note: 1 . Worst case, all digital inputs and outputs LOW. 



Switching characteristics within specified operating conditions 







Temperature Range 








Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


Fs Maximum Conversion Rate 




20 




20 




Msps 


tsTO Sampling Time Offset 




-2 


10 


-2 


10 


ns 


to Output Delay 


Vcc=Min, Load 1, Figure 4 




35 




35 


ns 


tHO Output Hold Time 


Vcc=Min, Load 1, Figure 4 


5 




5 




ns 
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System performance characteristics within specified operating conditions 







Temperature Range 








Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


Eli Linearity Error Integral, Independent 
Eld Linearity Error Differential 
Cs Code Size 


Vrt, VRB=Nom 


25 


0.2 
0.2 
175 


25 


±0.2 
±0.2 
175 


% 
% 

% Norn 


Eot Offset Error, Top 

Eqb Offset Error, Bottom 

Tco Offset Error, Temperature Coefficient 


V|N=V RT 
V|N=Vrb 


-10 
-20 


+10 
-15 
±20 




+15 
-15 
±20 


mV 
mV 
uV/°C 


BW Bandwidth, Full-Scale Input 
BWss -3 dB Bandwidth, Small Signal 


No Spurious or Missing Codes 
-20 dBFS Input 


7 
60 




7 

60 




Mhz 
MHz 


trR Transient Response, Full Scale 




70 




70 




ns 


SNR Signal-to-Noise Ratio 


10 MHz Bandwidth, 

20 Msps Conversion Rate 












Peak Signal/RMS Noise 


1.248 MHz Input 
2.438 MHz Input 


54 
53 




53 
52 




dB 
dB 


RMS Signal/RMS Noise 


1.248 MHz input 
2.438 MHz Input 


45 
44 




44 
43 




dB 
dB 


Eap Aperture Error 






60 




60 


ps 
















DG Differential Gain Error 


Fs=4xNTSC 




2.0 




2.0 


% 



Figure 5. Typical Interface Circuit 
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Figure 6. Inexpensive Interface Circuit 
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Typical Interface Circuit 

The Typical Interface Circuit (Figure 5) shows an 
example of a high-performance application circuit for the 
TDC1058. The wideband analog input amplifier drives the 
A/D converter directly. Bipolar inputs to the amplifier can 
be accommodated by adjusting the offset control. TRW's 
TDC4614 provides a stable reference for both the offset 
and gain control. All V|f\j pins are con-nected close to 
the device package and the input ampli-fier's feedback 
loop should be closed at that point. The buffer has an 
inverting gain of two, increasing a 1Vp-p video input 
signal to the recommended 2Vp-p input for the 
TDC1058. Proper decoupling is recommended for all 
systems. 

The bottom reference voltage (Vrb) ' s supplied by an 
inverting amplifier or the TDC4614, buffered with a PNP 
transistor/ The transistor provides a low-impedance source 



and is necessary to sink the current flowing through the 
reference resistor chain. 

The Inexpensive Interface Circuit shown in Figure 6 
offers considerable parts reduction for cost-sensitive 
applications where DC response is not required and loss 
of some power supply rejection is tolerable. The 200 
Ohm resistors bias the input to +4V and provide the 
current to the zener diode to provide the reference 
bottom voltage. The VF capacitor decouples the input 
signal from the DC voltage present at the input of the 
TDC1058. The 10jiF and 0.1 /*F capacitors, as well as the 
ferrite bead, provide power supply decoupling. The 
1N5711 Schottky diodes are for protection against 
overvoltages at the input and are not required if these 
precautions are taken elsewhere in the circuit. 
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Typical Performance Curves 

A. Typical Differential Phase and Gain 



DIFFERENTIAL 
GAIN 

2% 

0 



DG = 0.99% 



-2 



DIFFERENTIAL PHASE 

1° 



0 

-1 



DP = 0.48° 



Convert Frequency = 14.31 81800MHz 
Analog Input = 3. 57954550MHz 



B. Typical SINAD (SNR + Distortion) vs. Input 
Frequency 



45 



§ 40 



35 



30 













































CLOCK RATE - 20MSP 
INPUT SIGNAL = FULL 


S 

SCALE -0.1 dB 









































2 3 4 

Input Frequency - MHz 



5 6 7 8 

21215A 



Ordering Information 



Product 


Temperature Range 


Screening 


Package 


Package 


Number 








Marking 


TDC1058B6C 


STD-T A = 0°Cto70°C 


Commercial 


28-Pin CERDIP 


1058B6C 


TDC1058B6V 


EXT"-Tc=-55°Cto125°C 


MIL-STD-883 


28-Pin CERDIP 


1058B6V 


TDC1058N6C 


STD-T A = 0°Cto70°C 


Commercial 


28-Pin Plastic DIP 


1058N6C 


TDC1058R3C 


STD-T A = 0°Cto70°C 


Commercial 


28-Lead Plastic J-Leaded Chip Carrier 


1058R3C 



40G05738 Rev E 8/93 
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TDC1147 

Monolithic Video A/D Converter 

7-Bit, 15Msps 



Description Features 

The TDC1 1 47 is a 7-bit "flash" analog-to-digital ♦ 

converter which has no pipeline delay between sampling ♦ 

and valid data. The output data register normally found ♦ 

on flash A/D converters has been bypassed, allowing ♦ 

data to transfer directly to output drivers from the ♦ 

encoding logic section of the circuit. The converter ♦ 

requires only one clock pulse to perform the complete ♦ 

conversion operation. The conversion time is ♦ 
guaranteed to be less than 60 nanoseconds. 



20 Msps conversion rate 
No digital pipeline delay 
7-bit resolution 
1/2 LSB linearity 

Sample-and-hold circuit not required 
TTL compatible 
Selectable output format 
Available in 24 pin CERDIP 



The TDC1 147 is function and pin-compatible with 

Raytheon Semiconductor La Jolla's TDC1 047 7-bit flash ♦ 

A/D converter which has an output data register. The ♦ 

TDC1 1 47 will operate accurately at sampling rates up to ♦ 

15 Msps and has an analog bandwidth of 7 MHz. ♦ 

Linearity errors are guaranteed to be less than 0.4% ♦ 

over the operating temperature range. ♦ 

Functional Block Diagram 



Applications 



NUNV >- 
CONV )- 
V|N>- 
«T>- 



DIFFERENTIAL 
COMPARATORS 

11271 



Low-cost video digitizing 

Medical imaging 

Data acquisition 

High resolution A/D converters 

Telecommunications systems 

Radar data conversion 



127 TO 7 
ENCODER 



For More Information call 1-800-722-7074. 



Raytheon Semiconductor 



3-95 



TDC1147 



Pin Assignments 





1 


R T 


2 


Aqnq 


3 


°GND 


4 


NMINV 


5 


(MSB) Dj 


6 


D 2 


7 


D3 


8 




9 


v C e 


10 




11 


A GND 


12 



) 24 


% 


} 23 


Rb 


] 22 


A GND 


] 21 


°GND 


] 20 


CONV 


] 19 


D 7 (LSB) 


1 18 




) 17 




] 16 


v C c 


1 15 


NLINV 


) 14 


VEE 


1 13 


A GND 



24 Pin CERDIP - B7 Package 



Functional Description 
General Information 

The TDC1147 has two functional sections: a comparator 
array and encoding logic. The comparator array compares 
the input signal with 127 reference voltages to produce 
an N-of-127 code (sometimes referred to as a "ther- 
mometer" code, as all the comparators referred to 
voltages more positive than the input signal will be off, 
and those referred to voltages more negative than the 
input signal will be on). The encoding logic converts the 
N-of-127 code into binary or offset two's complement 
coding, and can invert either output code. This coding 
function is controlled by DC signals on pins NMINV and 
NLINV. 

Power 

The TDC1 147 operates from two supply voltages, + 5.0V 
and -5.2V. The return path for Iqq (the current drawn 
from the + 5.0V supply) is DgND- The return path for 
lEE (the current drawn from the -5.2V supply) is Aqi\|q. 
All power and ground pins must be connected. 

Reference 

The TDC1147 converts analog signals in the range 
VRB<V|[\|<VfTr into digital form. Vrb (the voltage 
applied to the pin at the bottom of the reference resistor 
chain) and Vrj (the voltage applied to the pin at the top 
of the reference resistor chain) should be between 
+ 0.1V and -1.1V. Vrj should be more positive than 
Vrb within that range. The voltage applied across the 
reference resistor chain (Vrj-Vrb) must be between 0.8V 



and 1.2V. The nominal voltages are. Vrj= 0.00V and 
V RB = — 1 00V. These voltages may be varied dynamically 
up to 7MHz. Due to slight variations in the reference 
current with clock and input signals, Rj and Rg should 
be low-impedance points. For circuits in which the 
reference is not varied, a bypass capacitor to ground is 
recommended. If the reference inputs are varied 
dynamically as in an Automatic Gain Control (AGC) 
circuit, a low-impedance reference source is 
recommended. 

Controls 

Two function control pins, NMINV and NLINV are 
provided. These controls are for DC (i.e., steady state) 
use. They permit the output coding to be either straight 
binary or offset two's complement, in either true or 
inverted sense, according to the Output Coding Table. 

Convert 

The TDC1147 uses a CONVert (CONV) input signal to 
initiate the A/D conversion process. Unlike other flash 
A/D converters which have a one-clock-cycle pipeline 
delay between sampling and output data, the TDC1147 
requires only a single pulse to perform the entire 
conversion operation. The analog input is sampled 
(comparators are latched) within the maximum Sampling 
Time Offset (tsjg, see Figure I). Data from that sample 
becomes valid after a maximum Output Delay Time (to) 
while data from the previous sample is held at the 
outputs for a minimum Output Hold Time (t^o)- This 
allows data from the TDC1147 to be acquired by an 
external register or other circuitry. Note that there are 
minimum time requirements for the HIGH and LOW 
portions (tpwH tPWL) °* tne CONV waveform and all 
output timing specifications are measured with respect to 
the rising edge of CONV 

Analog Input 

The TDC1147 uses latching comparators which cause the 
input impedance to vary slightly with the signal level. For 
optimal performance, both V||\j pins must be used and 
the source impedance of the driving circuit must be less 
than 30 Ohms. The input signal will not damage the 
TDC1147 if it remains within the range of V[e to +0.5V. 
If the input signal is between the Vrj and Vrb 
references, the output will be a binary number between 
0 and 127 inclusive. A signal outside this range will 
indicate either full-scale positive or full-scale negative, 
depending on whether the signal is off-scale in the 
positive or negative direction. 
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Outputs 

The outputs of the TDC1147 are TTL compatible, and 
capable of driving four low-power Schottky TTL (54/74 
LS) unit loads. The outputs hold the previous data a 
minimum time (t^g) after the rising edge of the CONV 



signal. New data becomes valid after a maximum time 
(trj) after the rising edge of the CONV signal. The use of 
2.2 kOhm pull-up resistors is recommended. 



Package Interconnections 



Signal 


Signal 








Type 


Name 


Function 


Value 


B7 Package Pins 


Power 


v C c 


Positive Supply Voltage 


+ 5.0V 


10, 16 




v E e 


Negative Supply Voltage 


-5.2V 


11, 14 




D 6ND 


Digital Ground 


0.0V 


4, 21 




A GND 


Analog Ground 


0.0V 


3, 12, 13, 22 


Reference 




Reference Resistor (Top) 


0.00V 


2 






Reference Resistor (Bottom) 


-1.00V 


23 


Controls 


NMINV 


Not Most Significant Bit INVert 


TTL 


5 




NLINV 


Not Least Significant Bit INVert 


TTL 


15 


Convert 


CONV 


Convert 


TTL 


20 


Analog Input 


V|N 


Analog Signal Input 


0V to -1V 


1, 24 


Outputs 




MSB Output 


TTL 


6 




D 2 




TTL 


7 




°3 




TTL 


8 




D 4 




TTL 


9 




f>5 




TTL 


17 




°6 




TTL 


18 




°7 


LSB Output 


TTL 


19 
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Figure 1. Timing Diagram 



tpWL 



i, 



CONV 



ANALOG INPUT 



DIGITAL OUTPUT 
! HO — * 



*-/ urn* \ / ' W \ /sample \_ / 




dataVYVVVV ° ata WWW data WWW data 
n-iAAAAAA n AAAAAa * + i AaAAAa w>2 A/ 



Figure 2. Simplified Analog Input Equivalent Circuit 
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COMPARATORS 




Vm o- 



REFERENCE 
RESISTOR 
EE CHAIN 




C, N IS A NONLINEAR JUNCTION CAPACITANCE 

V RB IS A VOLTAGE EQUAL TO THE VOLTAGE ON PIN R B 



Figure 3. Digital Input Equivalent Circuit 
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Figure 4. Output Circuits 
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Absolute maximum ratings (beyond which the device may be damaged) 1 



Supply Voltages 



Vqq (measured to Oq^q) 

Vfj: (measured to Ag^g) 

A GND ^measured to Dq ND ) • 



-0.5 to +7.0V 
+0.5 to -7.0V 
-0.5 to +0.5V 



Input Voltages 



CONV, NMINV, NLINV (measured to D GND ) . 

% V RT- V RB (measured to A GND ) 

V R j (measured to Vr B ) 



-0.5 to +5.5V 
.... +0.5 to V K 
+2.2 to -2.2V 



Output 



Applied voltage (measured to Dq^q) . 
Applied current, externally forced 



Short circuit duration (single output in high state to ground) . 



... -0.5 to 5.5V 2 
-1.0 to 6.0mA 3 - 4 
1 sec 



Temperature 



Operating, case 

junction 

Lead, soldering (10 seconds) . 
Storage 



-55 to +125°C 

+175°C 

+300°C 

-65 to +150°C 



Notes: 



1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as positive when flowing into the device. 



Operating conditions 







Temperature Range 








Standard 


Extended 




Parameter 


Test Conditions 


Mm 


Norn 


Max 


Min 


Norn 


Max 


Units 


v cc 


Positive Supply Voltage (measured to Dq^q) 


4.75 


5.0 


5.25 


4.5 


5.0 


5.5 


V 


% 


Negative Supply Voltage (measured to Aq^q) 


-4.9 


-5.2 


-5.5 


-4.9 


-5.2 


-5.5 


V 


V A6ND 


Analog Ground Voltage (measured to D GN q) 


-0.1 


0.0 


0.1 


-0.1 


0.0 


0.1 


V 


'PWL 


CONV Pulse Width, LOW 


22 






22 






ns 


"PWH 


CONV Pulse Width, HIGH 


18 






18 






ns 


\ 


Input Voltage, Logic LOW 






0.8 






0.8 


V 


V| H 


Input Voltage, Logic HIGH 


2.0 






2.0 






V 


'01 


Output Current, Logic LOW 






4.0 






2.0 


mA 


'oh 


Output Current, Logic HIGH 






-0.4 






-0.4 


mA 


% 


Most Positive Reference Input 1 


-0.1 


0.0 


0.1 


-0.1 


0.0 


0.1 


V 


v RB 


Most Negative Reference Input 1 


-0.9 


-1.0 


-1.1 


-0.9 


-1.0 


-1.1 


V 


Vrt-% 


Voltage Reference Differential 


0.8 


1.0 


1.2 


0.8 


1.0 


1.2 


V 


V|N 


Input Voltage 


VRB 




VRT 


VRB 




% 


V 


h 


Ambient Temperature, Still Air 


0 




70 








°C 




Case Temperature 








-55 




125 


°C 



Note: 



1. Vpj must be more positive than Vpg, and voltage reference differential must be within specified range. 
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Electrical characteristics within specified operating conditions 









Temperature Range 










Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


'cc 


Positive Supply Current 


Vqq - Max, static 1 




25 




30 


mA 


'EE 


Negative Supply Current 


Vjrj: - Max, static 1 
T* - fl'T tn 70T 

» A U O IU rU O 




-170 






mA 






T A - 70°C 




-135 






n~j 






T c = -55°C to 125°C 








-220 


mA 






T c - 125°C 








-130 


mA 


'ref 


Reference Current 


V RT< V RB mm 




35 




50 


mA 


R REF 


Total Reference Resistance 




34 




20 




Ohms 


R IN 


Input Equivalent Resistance 


V RT , V RB - Norn, V, N - V RB 


100 




40 




kOhms 


C IN 


Input Capacitance 






60 




60 


pF 


'CB 


Input Constant Bias Current 


Vff - Max 




inn 

IDU 




inn 
juu 


//A 


'lL 


Input Current, Logic LOW 


V cc - Max, V| - 0.5V CONV 




-0.4 




-0.6 


mA 






NMINV, NLINV 




-0.6 




-0.8 


mA 


«IH 


Input Current, Logic HIGH 


V cc - Max, V| - 2.4V 




50 




50 




l| Input Current, Max Input Voltage 


V cc - Max, V| - 5.5V 




1.0 




1.0 


mA 


v 0l 


Output Voltage, Logic LOW 


Vqq - Min, Iql - Max 




0.5 




0.5 


V 


V 0 H 


Output Voltage, Logic HIGH 


Vqq - Min, lg H - Max 


2.4 




2.4 




V 


'as 


Short Circuit Output Current 


Vqq - Max, one pin to ground, 
one second duration. 




-30 




-30 


mA 




Digital Input Capacitance 


T A - 25°C, F - 1MHz 




15 




15 





Note: 

1. Worst case, all digital inputs and outputs LOW. 



Switching characteristics within specified operating conditions 







Temperature Range 








Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


F<; Maximum Conversion Rate 


Vqq - Min, V^j: - Min 


15 




15 




MSPS 


tgjQ Sampling Time Offset 


Vqq - Min, VfE - Min 




7 




10 


ns 


tp Output Delay 


Vqq - Min, V^e * Min, Load 1 




60 




70 


ns 


t^Q Output Hold Time 


Vqq - Max, V EE - Max, Load 1 


15 




15 




ns 
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System performance characteristics within specified operating conditions 









Temperature Range 










Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


E LI 


Linearity Error, Integral Independent 


V RT , V RB - Norn 




0.4 




0.4 


% 




Linearity Error, Differential 






0.4 




0.4 


% 


cs 


Code Size 


V RT , V RB - Norn 


30 


170 


30 


170 


% Nominal 


% 


Offset Voltage, Top 


V IN - V RT 




+50 




+50 


mV 


w 

V 0B 


Offset Voltage, Bottom 


V|N - V RB 




-30 




-30 


mV 


T 

'CO 


Temperature Coefficient 






±20 




±20 




BW 


Bandwidth, Full Power Input 




7 




7 




MHZ 


«TR 


Transient Response, Full Scale 






10 




10 


ns 


SNR 


Signal -to -Noise Ratio 


7MHz Bandwidth, 
















20MSPS Conversion Rate 














Peak Signal/RMS Noise 


1MHz Input 


45 




46 




dB 






7MHz Input 


43 




44 




dB 




RMS Signal/RMS Noise 


1MHz Input 


36 




37 




dB 






7MHz Input 


34 




35 




dB 


E AP 


Aperture Error 






50 




50 


ps 


DP 


Differential Phase Error 1 


F s = 4 x NTSC 




1.5 




1.5 


Degree 


DG 


Differential Gain Error 1 


F s - 4 x NTSC 




2.5 




2.5 


% 



Note: 

1. In excess o( quantization. 



Output Coding 





Binary 


Offset Two's 
Complement 


Range 


True 


Inverted 


True 


Inverted 


-1.00V FS 


NMINV - 1 


0 


0 


1 




NUNV - 1 


0 


1 


0 


0.0000V 


0000000 


1111111 


'1000000 


0111111 


-0.0078V 


0000001 


1111110 


1000001 


0111110 


• 


• 


• 




• 


• 


• 


• 




• 


• 


• 


• 




• 


-0.4960V 


0111111 


1000000 


1111111 


0000000 


-0.5039V 


1000000 


0111111 


0000000 


1111111 


• 


• 


• 




• 


• 


• 


• 




• 


• 


• 


• 




• 


- 0.9921 V 


1111110 


0000001 


0111110 


1000001 


-1.0000V 


1111111 


0000000 


0111111 


1000000 



Note: 

1. Voltages are code midpoints. 
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Calibration 

To calibrate the TDC1147, adjust Vrj and Vrb to set the 
1st and 127th thresholds to the desired voltages. 
Assuming a OV to -1V input range, continuously strobe 
the converter with -0.0039V (1/2 LSB from 0V) on the 
analog input, and adjust Vrj for output toggling 
between codes 00 and 01. Then apply -0.996V (1/2 
LSB from -1V) and adjust Vrb for toggling between 
codes 126 and 127. 

The degree of required adjustment is indicated by the 
offset voltages, Vqj and Vqb- Offset voltages are 
generated by the inherent parasitic resistance between 
the package pin and the actual resistor chain on the 
integrated circuit. These parasitic resistors are shown as 
R-j and R2 in the Functional Block Diagram. Calibration 
will cancel all offset voltages, eliminating offset and gain 
errors. 

The above method for calibration requires that both ends 
of the resistor chain, Rj and Rg, are driven by variable 
"voltage sources. Instead of adjusting Vrj, Rj can be 
connected to analog ground and the 0V end of the 
range calibrated with an input amplifier offset control. 
The offset error at the bottom of the resistor chain 
causes a slight gain error, which can be compensated for 
by varying the voltage applied to Rg. The bottom 



reference is a convenient point for gain adjust that is not 
in the analog signal path. 

Typical Interface Circuit 

Figure 5 shows an example of a typical interface circuit 
for the TDC1147. The analog input amplifier is a bipolar 
wideband operational amplifier, which is used to directly 
drive the AID converter. Bipolar inputs may be 
accommodated by adjusting the offset control. A zener 
diode provides a stable reference for both the offset and 
gain control. The amplifier has a gain of - 1 providing 
the recommended 1Vp-p input for the A/D converter. 
Proper decoupling is recommended for all supplies, 
although the degree of decoupling shown may not be 
needed. A variable capacitor permits either step response 
or frequency response optimization. This may be replaced 
with a fixed capacitor, whose value depends upon the 
circuit board layout and desired optimization. 

The bottom reference voltage, Vrb, is supplied by an 
inverting amplifier, followed with a PNP transistor. The 
transistor provides a low-impedance source and is neces- 
sary to sink the current flowing through the reference 
resistor chain. The bottom reference voltage can be 
adjusted to cancel the gain error introduced by the offset 
voltage, Vqb* as discussed in the Calibration section. 
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Figure 5. Typical Interface Circuit 




C2 V 
70// F 
25V 



Notes: 

1. Unless otherwise specified, all resistors are 1/4W, 2%. 
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Ordering Information 



Product 


Temperature Range 


Screening 


Package 


Package 


Number 








Marking 


TDC1147B7C 


STD-T A = 0°C to 70°C 


Commercial 


24 Pin CERDIP 


1147B7C 


TDC1147B7V 


EXT-T C =-55°C to 125°C 


MIL-STD-883 


24 Pin CERDIP 


1147B7V 



40G01900 Rev F 8/93 
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TMC1173 

2.7 to 3.6 Volt 8-Bit 10 Msps A/D Converter 



Description 

The TMC1173 analog-to-digital (A/D) converter employs 
a two-step architecture with integral track/hold. The 
device converts analog signals into 8-bit digital words at 
rates up to 10 Msps (Megasamples per second). The 
architecture and CMOS technology reduce typical power 
dissipation to less than 90 mW. 

The TMC1 1 73 operates from a single power supply as 
low as 2.7 Volts and has internal voltage reference 
resistors which allow self-bias operation. The input 
capacitance is very low, simplifying the design of, or 
eliminating, the need for video driving amplifiers. All 
digital inputs and three-state outputs are 3V "in- 
compatible. 

The TMC1 173 is available in 24-pin plastic DIP, 24-Lead 
plastic SOIC, and 28-lead J-lead PLCC packages. 
Performance specifications are guaranteed from 0 to 
70°C. 

Features 

♦ 8-bit resolution 

♦ 5 and 1 0 Msps conversion rate 

♦ Integral track/hold 



♦ Differential linearity error d0.5 LSB 

♦ Single +2.7 to +3.6 Volt Power Supply 

♦ <90 mW power dissipation at 3.6 volts 

♦ Differential phase <0.5° 

♦ Differential gain <1 % 

♦ Three-state 3V TTL-compatible outputs 

♦ Very low cost 

Applications 

♦ Battery operated digital video 

♦ Hand-held digital oscilloscopes 

♦ Low cost, low power data conversion 

♦ Portable image scanners 

♦ Laptop / Notebook computer video boards 

♦ Multimedia 

Related Products 

♦ TMC1 1 75 20, 30, and 40 Msps 8-Bit Video A/D 
Converter 

♦ TMC22070 Genlocking Video Digitizer 

♦ TDC331 0 1 0-Bit Video D/A Converter 

♦ TMC22090/TMC22190 Digital Video Encoder 

♦ TMC2242/TMC2243/TMC2246 Video Filter 

♦ TMC2302 Image Manipulation Sequencer 



Figure 1. Block Diagram 

V,N> + 



Vr + «- 
R B >— 




CONV +~ 



Coarse 
A/D Converter 



Vref 
Matrix 





Fine 
A/D Converter 



Digital Error- 
Correction 
and Output 
Drivers 



D 0 -D 7 



« < OE\ 
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Figure 2. Pin Assignments and Packages 



0E\ 1 £ 

Dgnd 
D 0 3\Z 
D, 4\2 
D 2 s£ 

D 3 e£ 
D 4 7C 
D 5 s£ 
D 6 9£ 
D710[ 

VoDD HQ 
CONV12Q 



□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 



24 Dgno 
23 R B 
22 V* 
21 /W 
20 Acnu 
19 V, N 
18 V 00A 
17 R T 

16 V «* 
15 V 0DA 
1" V 00A 
13 V DDD 



N2 Package 
24-pin Plastic DIP 



OE\ 1 C 


• 


D 24 D GND 






Dgnd 2 C 




D 23 R B 






D 0 3C 




3 22 V R . 




26 
27 


D, 4 C 




3 21 A GND 


V R . 


D 2 5C 




3 20 A GND 


Rb 


D 3 6C 




3 19 V, N 


Dgnd 


28 


D 4 7C 




3 18 V DDA 


N/C 


1 


D 5 8C 




3 17 R T 


OE\ 


2 


D 6 9C 




3 16 v « + 


Dgnd 


3 


D 7 10 C 




3 15 V DDA 


Do 


4 


Vddd 1 1 C 




□ 14 V D0A 






CONV 12 C 




D 13 V DDD 







M7 Package 
24-Lead SOIC 




3 18 V DDA 
17 V 0DA 
16 V DDD 
15 N/C 
] 14 CONV 
3 13 V DDD 
12 D 7 



CO O) O £ 
Q ^ Q O Q 



R3 Package 
28-lead J-lead PLCC 



27049A 



General Description 

The TMC1 173 is an 8-bit A/D converter which uses 
a two-step architecture to perform analog-to-digital 
conversion at rates up to 1 0 Msps. The input 
signal is held in an integral track/hold stage during 
the conversion process. Pipelined operation is 
achieved with one input sample taken and one 
output word provided for each convert cycle. The 
first step in the conversion process is a coarse 4-bit 
conversion. The coarse 4-bit result determines the 
range of the subsequent fine 4-bit A/D conversion 
step. To eliminate spurious codes, the fine 4-bit 
A/D converter output is gray-coded and converted 
to binary before combining with the coarse result to 
form the complete 8-bit result. 

The TMC1 173 is characterized and specified for 
use in "3 Volt" applications where the power supply 
voltage can be as low as 2.7 Volts. 



Analog Input and Voltage References 

The TMC1 173 converts analog signals in the range 
R T < V )N < R B into digital data. The A/D converter 
input range is very flexible and extends from the +3 
Volt power supply to ground. Normally, external 
voltage reference sources are connected to the R T 
and R B pins or R B is grounded. 

Two reference pull-up and pull-down resistors 
connected to V R+ and V R _ are provided for 
operation without external voltage reference 
circuitry. These voltages applied to R T and R B may 
be generated externally, or are self-generated by 
connecting V R+ to R T and V R _ to R B . In the latter 
case the power supply voltage is divided by on-chip 
resistors to bias the R T and R B points. 
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The self-bias reference voltages are useful in 
applications where overall circuit cost is important 
and absolute accuracy and stability of the A/D 
converter gain is not critical. 

The V, N input range is from R B to R T . The device 
will not be damaged by signals within the range 
a gnd t0 v dd- 

Figure 3. Reference Resistors 

V DDA +3.0V 




2701 OA 



Power and Ground 

The TMC1 173 operates from a single +2.7 to +3.6 
Volt power supply. For optimum performance, it is 
recommended that A GND and D GND pins of the 
TMC1 173 be connected to the system analog 
ground plane. 

Table 1. Output Coding Table 



Input 
Voltage 


Output Code 
MSB LSB 


>R T 
R T - 1 LSB 


11111111 
11111111 
11111110 


• 


• 


• 


• 


(R T + R B )/2 + 1 LSB 
(R T + R B )/2 

• 


10000000 
01111111 

• 


• 

R B + 1 LSB 
<R B 


• 

00000001 
00000000 
00000000 



Note: 1 LSB = (R T - R B )/255 



Digital Inputs and Outputs 

The sampling of the applied input signal takes 
place on the falling edge of the CONV signal. The 
output word is available after the rising edge of 
CONV, delayed by 2 1/2 CONV cycles. The output 
remains valid for t HO (Output Hold Time) and new 
data becomes valid t D (Output Delay Time) after 
the rising edge of CONV. 

The outputs of the TMC1 1 73 are 3V TTL- 
compatible and are capable of driving four low- 
power Schottky TTL (54/74LS) loads. An output 
enable control, OE\, places the outputs in a high- 
impedance state when HIGH. The outputs are 
enabled when OE\ is LOW. 



Pin Functions 

V, N The input voltage conversion range 

extends from the voltage applied to 
the R T and R B pins. 

R T , R B The top and bottom inputs to the 
reference resistor ladder. DC 
voltages applied to R T and R B define 
the V| N conversion range. 

v r+» v r- Internal pull-up and pull-down 

reference resistors used in self-bias 
operation. 

CONV A/D converter clock input. V, N is 

sampled on the falling edge of CONV. 
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0E\ 



Dn-D 



0" u 7 



Output Enable. When LOW, D 0 -D 7 V DDA> V DDD 
are enabled. When HIGH, D 0 -D 7 are 
in a high-impedance state. 

Eight-bit 3V TTL-compatible digital a gnd> d gnd 
outputs. Valid data is output on the 
rising edge of CONV. 



+3 Volt power inputs. These should 
come from the same power source 
and be decoupled to A GND . 

Ground inputs should be connected fo 
the system analog ground plane. 



Table 2. Package Interconnections 



Signal Type 


Name 


Function 


Value 


N2, M7 Pin 


R3, Co Pin 


Inputs 




Analog Input 


R B -R T 


19 


23 




Rt 


Reference Voltage Top Input 


2.6V 


17 


20 




R 


nererence vonage Donorn inpux 


U.D V 


OQ 


07 




\/ 

V R+ 


rtererence vonage i op oource 


o c\/ 


I D 






\/ 

V R- 


neTt?rt?nce voiidge Donorn oource 


U.D V 


oo 


Ofi 




OE\ 


Output enable 


TTL 


1 


2 




CONV 


Convert (Clock) input 


TTL 


12 


14 


Outputs 


D 0 


Least Significant Bit 


TTL 


3 


4 








TTL 


4 


5 




D 2 




TTL 


5 


6 




D 3 




TTL 


6 


7 




D 4 




TTL 


7 


9 




D 5 




TTL 


8 


10 




D 6 




TTL 


9 


11 




D 7 


Most Significant Bit 


TTL 


10 


12 


Power 


V DDA 


Analog Supply Voltage 


+5V 


14, 15, 18 


17, 18,21 




V DDD 


Digital Supply Voltage 


+5V 


11, 13 


13, 16 




A GND 


Analog Ground 


0.0V 


20,21 


24, 25 




D GND 


Digital Ground 


0.0V 


2,24 


3,28 


No Connect 


N/C 


Not Connected 


open 




1,8, 15, 22 
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Figure 4. Timing Diagram 




Sample 
N 



Sample 
N+2 



Sample 
N+3 



l PWL 



i/f s 



D 0 -D 7 XXX Pata N ' 3 ) \X X Pata N " 2 ( Data N-1 XXX Pata ' 

t DIS «->| * 



OB 



l ENA 



27050A 



Figure 5. Equivalent Digital Input Circuit 

O 

n Substrate 



Input O 



K-i n 



— 2701 4A 



Figure 7. Equivalent Digital Output Circuit 

V DD 

O 




O Output 



27011 A 



Figure 6. Equivalent Analog Input Circuit 

Vdda 



Figure 8. Transition Levels for Three-State 
Measurements 



V|N O 



o 
A 

o 



-0-^*0- 



OB 



D 0 -D 7 



tENA 



l DlS 



0.5 V 



Hi-Z 2.0 V_ 



To.5 V 



0.8 V 
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Absolute Maximum Ratings (beyond which the device may be damaged) 1 
Supply Voltages 

V DDA (measured to A GND ) -0.5 to +7.0V 

V DDD (measured to D GND ) -0.5 to +7.0V 

V DDA (measured to V DDD ) -0.5 to +0.5V 

D GND (measured to A GND ) -0.5 to +0.5V 

Inputs 

Applied voltage 2 CONV, OE\ -0.5 to V DDD V 

Applied voltage 2 R T , R B , V, N A GND to V DDA V 

Outputs 

Applied Voltage 2 ....-0.5 to (V DD +0.5) V 

Forced Current 3 - 4 .... -6.0 to 6.0 mA 

Short Circuit Duration 

(Single output in HIGH state to GND) 1 second 

Temperature 

Operating, ambient -20 to +90°C 

Junction ...+140°C 

Lead, soldering (10 seconds) +300°C 

Vapor phase soldering (1 minute) +220°C 

Storage -65 to +150°C 

Notes: 1 . Absolute maximum ratings are limiting values applied individually while all other parameters 
are within specified operating conditions. Functional operation under any of these 
conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to 
GND. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current, flowing into the device. 
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Operating conditions 







Standard Temperature Range 




Parameter 


Min 


Nom 


Max 


Units 


V DDA 
V DDD 
A GND 


Analog ouppiy vouage 
Digital Supply Voltage 
Analog Ground Voltage 
(Measured to D GND ) 


2.7 
2.7 
-u. I 


3.0 
3.0 
u 


3.6 
3.6 

O 1 


V 
V 
V 




Conversion Rate 
TMC1 173-5 
TMC1 173-10 


5 
10 






Msps 
Msps 


Wh 


CONV pulse width, HIGH 
TMC1 173-5 
TMC1 173-10 


20 
20 






ns 
ns 


*PWL 


CONV pulse width, LOW 
TMC1 173-5 
TMC1 173-10 


20 
20 






ns 
ns 


Rt 

Rr 

b 

R T - R B 


Reference, Top 
Reference, Bottom 
Reference Voltage Differential 


0 

o 

1.2 




CO - < 
CO cog 


V 
V 
V 


V| N 


Analog Input Range 


R B 




Rt 


V 


V| H 
V| L 


Input Voltage, Logic HIGH 
Input Voltage, Logic LOW 


0.85 




0.2 


xV DD 
xV DD 


'oh 

'OL 


Output Current, Logic HIGH 
Output Current, Logic LOW 






-1.0 
2.0 


mA 
mA 




Ambient Temperature, Still Air 


0 




70 


°C 
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Electrical characteristics 









Standard Temperature Range 




Parameter 


Conditions 


Min 


TVD 


Max 


Units 


! DD 


Total Power Supply 
Current 


Vnr\ A = Vr\r\r\~ 3.6V. 
V UUA V UUU **.\*v t 

^LOAD = 35 P F 

TMC1 173-5, f s = 5Msps 

TMC1173-10,f s = 10Msps 




17 
21 


25 
30 


mA 
mA 


'ddq 


Quiescent Power Supply 
Current 


V DDA :s VDDD =Max »^ ON V as LOW 
V DDA=V DDD =Max,CONV=:HIGH 




15 
20 




mA 
mA 


Pn 


Total Power Dissipation 


V DDA = V DDD -3.6V 

TMC1 173-5, f s = 5Msps 
TMC1173-10,f s = 10Msps 




61 
76 




mW 
mW 


C IN 

H IKI 

IN 


Input Capacitance 
Input Resistance 
Analog Input Current 


CONV = HIGH 


100 


16 


18 

±10 


PF 
kQ 
uA 


nrr 
Htr 

R REF 


Reference Current 
Reference Resistance 


R T = 1.2 V, R B = 0.0 V 


400 


2.4 
500 




mA 
Q 


Vrt 
Vrb 

V Rr V RB 


Ref. Voltage, Top 
Ref. Voltage, Bottom 
Ref.Voltage Diff. 


R B = V R _, R T = V R+ 
R R = V Rl R T = V Rj . 
R B = Vr- Rj - V R+ 




1.6 
0.4 
1.2 




V 
V 
V 


«IH 
«IL 


Input Current, HIGH 
Input Current, LOW 


V DD = Max, V |N = V DD 
V DD = Max, V, N = 0 V 






±10 
±10 


HA 
HA 


'ozh 

'OZL 


Leakage Current, HIGH 
Leakage Current, LOW 


OB » HIGH, V 0UT = V DD 
OE\=HIGH, V OUT =D GND 






±10 
±10 


MA 
uA 


bs 


Short-Circuit Current 








30 


mA 


VOH 

Vol 


Output Voltage, HIGH 
Output Voltage, LOW 


D 0-7» 'OH - Max 
D 0-7» ! OH = Max 


2.2 




0.3 


V 
V 



Note: Values shown in Typ column are typical for V DD = +3.0 V and T^ = 25°C. 
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Switching Characteristics 







Standard Temperature Range 




Parameter 


Conditions 


HAS** 

Min 


-r» 

Typ 


Max 


Units 


icjQ oampiing i ime vjusei 




0 


3 


10 


ns 


t DO Output Delay Time 


Cload = 15 P F 






44 


ns 


t H0 Output Hold Time 


C LOAD = 1 5 P F 


5 






ns 


%NA Output Enable Time 
tp|5 Output Disable Time 








65 
65 


ns 
ns 
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System Performance Characteristics 









Standard Temperature Range 




Parameter 


Conditions 


Min 


Typ 


Max 


Units 




Integral Linearity Error 


r b = v r-> r t = v r+ 
Rb^AgnD' Rt = +12V 

RB = A GND , R t = +2.7V 
R B 85 A GND' R T = V DDA 




±0.3 
±0.3 
±0.3 
±0.3 


±0.5 
±0.5 
±0.5 
±0.5 


LSB 
Lod 
LSB 
LSB 




Differential Linearity 
Error 


R B = V R-> R T = V R+ 
Rb = A gnd , R t = +1.2V 

R B = A GND> R T = +2 J v 
R B 85 A GND> R T 88 V DDA 




±0.3 
±0.3 
±0.3 
±0.3 


±0.5 
±0.5 
±0.5 
±0.5 


LSB 
LSB 

LOD 

LSB 


cs 


Code Size 




5 




195 


%nom 


BW 


Bandwidth 








5 


MHz 




Aperture Error 






30 




ps 


EOT 


Offset Voltage, Top 


R T - V| N for most positive 
code transition 






±75 


mV 


E OB 


Offset Voltage, Bottom 


Rg - V||sj for most negative 
code transition 






±40 


mV 


DG 


Differential Gain 


f s = 14.3 Msps, 

NTSC 40 IRE ramp, 

for Rg = V R _, R T = V R+ and 

Rd = A^Mn> R-r = +1 2 V 

n B M GND' n T + 1 mC - v 
V DD = +3.0 V, T A = 25°C 




2 




% 


DP 


Differential Phase 


f s = 14.3 Msps, 

NTSC 40 IRE ramp, 

for R B = V R _, R T = V R+ and 

R B = A GND , R T = +1.2V 

V DD = +3.0 V, T A = 25°C 




1 




o 



Note: Values shown in Typ column are typical for V DD = +3.0 V and T A = 25°C. Bandwidth is the frequency band 
in which a full-scale sinewave can be digitized without spurious codes. 
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System Performance Characteristics 







Standard Temperature Range 




Parameter 


Conditions 


Min 


Typ 


Max 


Units 


SNR Signal-to-Noise Ratio 


TMC1173-5,f s = 5Msps, 












f |N = 1.24 MHz 


43 


46 




dB 




f| N = 2.48 MHz 


42 


45 




dB 




TMC1173-10,f s = 10 Msps, 












f, N = 1.24 MHz 


43 


45 




dB 




f| N = 2.48 MHz 


42 


44 




dB 




f , N = 4.96 MHz 


40 


42 




dB 


SFDR Spurious Free 


TMC1173-5,f s = 5Msps, 










Dynamic Range 


f, N = 1.24 MHz 


37 


43 




dB 




f, N = 2.48 MHz 


32 


40 




dB 




TMcma-io.fs^iOMsps, 












f, N = 1.24 MHz 


37 


43 




dB 




f , N = 2.48 MHz 


31 


40 




dB 




f , N = 4.96 MHz 


26 


32 




dB 



Note: SNR values do not include the harmonics of the fundamental frequency. 

SFDR is the ratio in dB of fundamental amplitude to the harmonic with highest amplitude. 
Values shown in Typ column are typical for V DD = +3.0 V and T A = 25°C. 
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Figure 9. Typical Interface Circuit 
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Application Notes 

The circuit in Figure 9 uses a band-gap reference 
to generate a variable R T reference voltages for the 
TMC1 1 73 as well as a bias voltage to offset the 
wideband input amplifier to mid-range. An "offset 
adjust" is also shown for varying the mid-range 
voltage level. The operational amplifier in the 
reference circuitry is a standard general-purpose 
741 -type. 

The voltage reference is variable from 0.0 to 2.4 
volts on R T while R B is grounded. Note the diode 
clamps on the wideband op-amp output. These 
prevent the A/D input from being driven beyond the 
power supply. Diode protection is advised as good 
practice to prevent analog input signals from being 
driven beyond the power supply. 



The circuit in Figure 10a shows the self-bias of R T 
and R B by connection to V R+ and V R _. This sets up 
a 0.4 to 1 .5 Volt input range for V IN . The input 
range is susceptible to power supply variation since 
the voltages on R T and R B are directly derived from 
V DDA . The video input is AC-coupled and biased 
at a variable midpoint of the A/D input range. This 
circuit offers the advantage of minimum support 
circuitry for the most cost-sensitive applications. 

In Figure 10b, an external band-gap reference sets 
R T to +1 .2 Volts while R B is grounded. The internal 
pull-up resistor, R+, provides the bias current for 
the band-gap diode. The input impedance of the 
Rf input is approximately 50£2 and the A/D 
converter input is biased at the mid-point of the 
input range. 
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Figure 10. Typical Interface Circuits 
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(b) 



+3Vo- 



Rf j 
Input ' 



CONV >- 
OE\ 



1N4148 



0.1 jliF 



0.1 U.F 



10|iF 



56Q 
1N4148 



LM185 
+1.2V 



^ 



V 



0.1 |iF 



V 
1k£2 



1kQ 



Vdda Vddd 
Vr + 

Rt 

TMC1173 



R B 

Vr- 



D 0 -D 7 



v in OE\ 
CONV 



V 



27057A 



For More Information call 1-800-722-7074. 



Raytheon Semiconductor 



3-117 



TMC1173 



Grounding 

The TMC1 173 has separate analog and digital 
circuits. To keep digital system noise from the A/D 
converter, it is recommended that power supply 
voltages (V DDD and V DDA ) come from the same 
source and ground connections (D GND and A GND ) 
be made to the analog ground plane. Power 
supply pins should be individually decoupled at the 
pin. 

The digital circuitry that gets its input from the 
TMC1 1 73 should be referred on the system digital 
ground plane. 

Printed Circuit Board Layout 

Designing with high-performance mixed-signal 
circuits demands printed circuits with ground 
planes. Wire-wrap is not an option. ..even for 
breadboarding. Overall system performance is 
strongly influenced by the board layout. Capacitive 
coupling from digital to analog circuits may result in 
poor A/D conversion. Consider the following 
suggestions when doing the layout: 

1 . Keep the critical analog traces (Vj N , R T , R B , 
V R+ , V R _) as short as possible and as far as 
possible from all digital signals. The TMC1 173 
should be located near the board edge, close 
to the analog output connectors. 

2. The power plane for the TMC1 1 73 should be 
separate from that which supplies the rest of 
the digital circuitry. A single power plane 



should be used for all of the V DD pins. If the 
power supply for the TMC1 173 is the same as 
that of the system's digital circuitry, power to 
the TMC1 173 should be decoupled with ferrite 
beads and 0.1 jliF capacitors to reduce noise. 

3. the ground plane should be solid, not cross- 
hatched. Connections to the ground plane 
should have very short leads. 

4. Decoupling capacitors should be applied 
liberally to V DD pins. Remember that not all 
power supply pins are created equal. They 
typically supply adjacent circuitry on the 
device, which generate varying amounts of 
noise. For best results, use 0.1 jjF ceramic 
capacitors. Lead lengths should be minimized. 
Ceramic chip capacitors are the best choice. 

5. If the digital power supply has a dedicated 
power plane layer, it should not overlap the 
TMC1 1 73, the voltage reference or the analog 
inputs. Capacitive coupling of digital power 
supply noise from this layer to the TMC1 173 
and its related analog circuitry can have an 
adverse effect on performance. 

6. CONV should be handled carefully. Jitter and 
noise on this clock may degrade performance. 
Terminate the clock line carefully to eliminate 
overshoot and ringing. 
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Typical Performance Curves 



A. I DD vs. V DD at 25°C 

18 



B. I DD vs. T A at f s = 1 0 Msps 
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Ordering Information 



Product 


Conversion 


Temperature 


Screening 


Package 


Package 


Number 


Rate (Msps) 


Range 






Marking 


TMC1173M7C5 


5 


T A : 0°C to 70°C 


Commercial 


24-Lead SOIC 


1173M7C5 


TMC1173M7C10 


10 


T A : 0°C to 70°C 


Commercial 


24-Lead SOIC 


1173M7C10 


TMC1173N2C5 


5 


T A : 0°C to 70°C 


Commercial 


24-Pin Plastic DIP 


1173N2C5 


TMC1173N2C10 


10 


T A : 0°C to 70°C 


Commercial 


24-Pin Plastic DIP 


1173N2C10 


TMC1173R3C5 


5 


T A : 0°C to 70°C 


Commercial 


28-Lead Plastic PLCC 


1173R3C5 


TMC1173R3C10 


10 


T A : 0°C to 70°C 


Commercial 


28-Lead Plastic PLCC 


1173R3C10 


TMC1175E1C 


30 


T A : 00°C to 70°C 


Commercial 


Eurocard PC Board 


TMC1175E1C 



40GO7280 Rev B 8/93 
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TMC1175 

CMOS 8-Bit Video A/D Converter 



Description 

The TMC1175 analog-to-digital (A/D) converter employs 
a two-step architecture with integral track/hold. The 
device converts analog signals into 8-bit digital words at 
rates up to 40 Msps (Megasamples per second). The 
architecture and CMOS technology reduce typical power 
dissipation to less than 150 mW. 

The TMC1 175 operates from a single 45 Volt power 
supply and has internal voltage reference resistors 
which allow self-bias operation. The input capacitance is 
very low, simplifying the design of, or eliminating, the 
need for video driving amplifiers. All digital inputs and 
three-state outputs are TTL-compatible. 

The TMC1 175 is available in 24-pin plastic DIP, 24-Lead 
plastic SOIC, and 28-lead J-lead PLCC packages. Mil- 
temperature versions are available in CERDIP or 
ceramic LCC packages. Performance specifications are 
guaranteed over the -20 to 75°C and -55 to 125°C 
temperature ranges. 

Features 

♦ 8-bit resolution 

♦ 1 0, 20, and 40 Msps conversion rate 

♦ Integral track/hold 



♦ Differential linearity error <ti0.5 LSB 

♦ Single 45V Power Supply 

♦ <1 50 mW power dissipation 

♦ Differential phase <0.5° 

♦ Differential gain <1% 

♦ Three-state 3V TTL-compatible outputs 

♦ Very low cost 

Applications 

♦ Digital television 

♦ Video digitizing 

♦ Low cost, high speed data conversion 

♦ Image scanners 

♦ Personal computer video boards 

♦ Multimedia 

Related Products 

♦ TMC1 1 73 Low-Voltage, Low-Power 8-Bit Video A/D 
Converter 

♦ TMC22070 Genlocking Video Digitizer 

♦ TDC331 0 1 0-Bit Video D/A Converter 

♦ TMC22090/TMC221 90 Digital Video Encoder 

♦ TMC2242/TMC2243/TMC2246 Video Filter 

♦ TMC2302 Image Manipulation Sequencer 



Block Diagram 
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Figure 2. Pin Assignments and Packages 
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General Description 

The TMC1 175 is an 8-bit A/D converter which uses 
a two-step architecture to perform analog-to-digital 
conversion at rates up to 40 Msps. The input 
signal is held in an integral track/hold stage during 
the conversion process. Pipelined operation is 
achieved with one input sample taken and one 
output word provided for each convert cycle. The 
first step in the conversion process is a coarse 4-bit 
conversion. The coarse 4-bit result determines the 
range of the subsequent fine 4-bit A/D conversion 
step. To eliminate spurious codes, the fine 4-bit 
A/D converter output is gray-coded and converted 
to binary before combining with the coarse result to 
form the complete 8-bit result. 

Analog Input and Voltage References 

The TMC1 175 converts analog signals in the range 
R T < V, N < R B into digital data. The A/D converter 
input range is very flexible and extends from the +5 
Volt power supply to ground, Normally, external 



voltage reference sources are connected to the R T 
and R B pins or R B is grounded. 

Two reference pull-up and pull-down resistors 
connected to V R+ and V R _, are provided for 
operation without external voltage reference 
circuitry. These voltages applied to R T and R B may 
be generated externally, or are self-generated by 
connecting V R+ to R T and V R _ to R B . In the latter 
case the power supply voltage is divided by on-chip 
resistors to bias the R T and R B points. 

The self-bias reference voltages are useful in 
applications where overall circuit cost is important 
and absolute accuracy and stability of the A/D 
converter gain is not critical. 

The V| N input range is from R B to R T . The device 
will not be damaged by signals within the range 

a gnd t0 v dd- 
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Figure 3. Reference Resistors 
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Digital Inputs and Outputs 

The sampling of the applied input signal takes 
place on the falling edge of the CONV signal. The 
output word is available after the rising edge of 
CONV, delayed by 2 1/2 CONV cycles. The output 
remains valid for t HO (Output Hold Time) and new 
data becomes valid t D (Output Delay Time) after 
the rising edge of CONV. 

The outputs of the TMC1 1 75 are TTL-compatible 
and are capable of driving four low-power Schottky 
TTL (54/74LS) loads. An output enable control, 
OE\, places the outputs in a high-impedance state 
when HIGH. The outputs are enabled when OE\ is 
LOW. 

Power and Ground 

The TMC1 175 operates from a single +5 Volt 
power supply. For optimum performance, it is 
recommended that A GND and D GND pins of the 
TMC1 1 75 be connected to the system analog 
ground plane. 



Table 1. Output Coding Table 



Input 


Output Code 


Voltage 


MSB LSB 


<R B 


00000000 




00000000 


R B + 1 LSB 
• 


00000001 

• 


• 


• 


(R T + R B )/2 


01111111 


(R T + R B )/2 + 1 LSB 


10000000 


• 


• 


• 


• 


R T - 1 LSB 


11111110 


Rt 


11111111 


>R T 


11111111 



Note: 1 LSB = (R T - R B )/255 



Pin Functions 

V, N The input voltage conversion range 

extends from the voltage applied to the 
Rj and R B pins. 

R T , R B The top and bottom inputs to the 

reference resistor ladder. DC voltages 
applied to R T and R B define the V iN 
conversion range. 

Vr+'Vr- Internal pull-up and pull-down 

reference resistors used in self-bias 
operation. 

CONV A/D converter clock input. V !N is 

sampled on the falling edge of CONV. 

OE\ Output Enable. When LOW, D 0 -D 7 are 

enabled. When HIGH, D 0 -D 7 are in a 
high-impedance state. 

D 0 -D 7 Eight-bit TTL-compatible digital 

outputs. Valid data is output on the 
rising edge of CONV. 
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V DDA ,V DDD +5 Volt power inputs. These should A GND ,D GND Ground inputs should be connected to 
come from the same power source and the system analog ground plane, 

be decoupled to A GND . 



Table 2. Package Interconnections 



Signal Type 


Name 


Function 


Value 


N2, M7 Pin 


R3, C3 Pin 


Inputs 




Analog Input 


R B -Rj 


19 


23 




Rt 


Reference Voltage Top Input 


2.6V 


17 


20 




R B 


Reference Voltage Bottom Input 


0.6V 


23 


27 




Vr + 


Reference Voltage Top Source 


2.6V 


16 


19 




V R- 


Roforon^o V/nltano Rottom QmirY*© 
ntjici Kfi iisKS vuiiayt? dvjuuim ouuiuc 


n fiv 








OE\ 


Output enable 


TTL 


1 


2 




CONV 


Convert (Clock) input 


TTL 


12 


14 


Outputs 


Do 


Least Significant Bit 


TTL 


3 


4 








TTI 


4 

*T 


\J 




D 2 




TTL 


5 


6 




Do 




TTL 


6 


7 




D 4 




TTL 


7 


9 




D 5 




TTL 


8 


10 




D 6 




TTL 


9 


11 




D 7 


Most Significant Bit 


TTL 


10 


12 


Power 


V DDA 


Analog Supply Voltage 


+5V 


14, 15, 18 


17, 18,21 




V DDD 


Digital Supply Voltage 


+5V 


11,13 


13, 16 




A GND 


Analog Ground 


0.0V 


20,21 


24, 25 




D GND 


Digital Ground 


0.0V 


2,24 


3,28 


No Connect 


N/C 


Not Connected 


open 




1,8, 15, 22 
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Figure 4. Timing Diagram 
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Figure 5. Equivalent Digital Input Circuit 
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Figure 7. Equivalent Digital Output Circuit 
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Figure 6. Equivalent Analog Input Circuit 
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Absolute Maximum Ratings (beyond which the device may be damaged) 1 
Supply Voltages 

V DDA (measured to A GND )..... -0.5 to +7.0V 

V DDD (measured to D GND ) -0.5 to +7.0V 

V DDA (measured to V DDD ) -0.5 to +0.5V 

D GND (measured to A GND ) -0.5 to +0.5V 

Inputs 

Applied voltage 2 CONV, OE\ -0.5 to V DDD V 

Applied voltage 2 R T , R B , V IN 2 A GND to V DDA V 

Outputs 

Applied Voltage 2 -0.5 to (V DD +0.5) V 

Forced Current 3 ' 4 -6.0 to 6.0 mA 

Short Circuit Duration 

(Single output in HIGH state to GND) 1 second 

Temperature 

Operating, ambient -55 to +125°C 

Junction +140°C 

Lead, soldering (10 seconds) . +300°C 

Vapor phase soldering (1 minute) +220°C 

Storage -65 to +150°C 

Notes: 1 . Absolute maximum ratings are limiting values applied individually while all other parameters 
are within specified operating conditions. Functional operation under any of these 
conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to 
GND. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current, flowing into the device. 
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Operating conditions 







Temperature Range 








Standard 


Extended 




Parameter 


Min 


Norn 


Max 


Min 


Norn 


Max 


Units 


T A 


Ambient Temperature, Still Air 
Case Temperature, Still Air 


on 

C.\J 






-55 




125 


°C 
°C 


V DDA 
V DDD 
A GND 


Analog ouppiy vonage 
Digital Supply Voltage 
Analog Ground Voltage 
(Measured to D GND ) 


4.75 
4.75 
-U.I 


5.0 
5.0 

U 


5.25 
5.25 

U.l 


4.5 
4.5 

-U.l 


5.0 
5.0 

U.U 


5.5 
5.5 
U.l 


V 

v 

V 


T S 


v/Ul I vol olv-M I ridLC 

TMC1 175-20 
TMC1 175-30 
TMC1 175-40 


20 
40 






20 






IVIo|JO 

Msps 
Msps 


*PWH 


CONV pulse width, HIGH 
TMC1 175-20 
TMC1 175-30 
TMC1 175-40 


1S 
13 
12 






17 






ns 
ns 
ns 


Wl 


CONV pulse width, LOW 
TMC1 175-20 
TMC1 175-30 
TMC1 175-40 


1 \J 

15 
12 






"17 






ns 
ns 
ns 


Rb 

R T - R B 


Reference, Top 
Reference, Bottom 
Reference Voltage Differential 


0 
0 

1.8 




v D d 

2.7 
5 


0 
0 

1.8 




v DD 

2.7 
5 


V 
V 
V 


V| N 


Analog Input Range 


R B 




Rt 


R B 




Rt 


V 


V, H 
V,L 


Input Voltage, Logic HIGH 
Input Voltage, Logic LOW 


4.0 




1.0 


4.0 




1.0 


V 
V 


'oh 

'OL 


Output Current, Logic HIGH 
Output Current, Logic LOW 






-1.5 
4.0 






-1.0 
2.0 


mA 
mA 
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Electrical characteristics 









Temperature Range 










Standard 


Extended 




Parameter 


Conditions 


Min 


Typ 


Max 


Min 


Typ 


Max 


Units 


•dd 


Total Power Supply 
Current 


DDA DDD ' worsi-case, 

C LOAD = 35 P F 

TMC1 1 75-20, f s = 20 Msps 

TMC1175-30,f s = 30 Msps 

TMC1175-40,f s = 40 Msps 




oc 

OO 

43 
50 


bu 
70 
80 




oc 

OO 


DO 


mA 
mA 
mA 


'ddq 


Quiescent Power Supply 
Current 


DDA = ^DDD x»OvJ inv=LUW 
V DDA =V DDD =Max,CONV=HIGH 




13 
24 






^ o 
IO 

24 




mA 
mA 




Total Power Dissipation 


V DDA * V DDD = Nom ' 

°LOAD = db P h 
TMC1175-20,f s = 20 Msps 

TMC1 1 75-30, f s = 30 Msps 

I MUl l /0-4U, To = 4U MSpS 




175 
215 
ocn 






175 




mW 
mW 

m\A/ 

invv 


C IN 

R IN 
i 


Input Capacitance 
Input Resistance 
Analog inpui uurreni 


CONV = HIGH 


I uu 


16 


18 

±5 


I uu 


16 


18 

±10 


PF 
kQ 

ii A 


•ref 

R REF 


Reference Current 
Reference Resistance 




190 


7 CZ 
/ .0 

270 


1 n r 
I u.o 


190 


7 c. 
/ .O 

270 


1 n c 
I u.o 


mA 
o 


V RT 

Vrb 

V RT _V RB 


Rpf Vrtltanp Tr»n 
nci. vunciyc, 

Ref. Voltage, Bottom 
Ref. Voltage Diff. 


R B = V R-, Rj = V R+ 
"B - v R-> M T"" V R+ 
R B = V R-, Rj = v r + 




2.6 
0.6 
2.0 






2.6 
0.6 
2.0 




V 
V 
V 


«IH 
'IL 


Input Current, HIGH 
Input Current, LOW 


V D D = Max > V| N = V DD 
V DD = Max, V |N = 0 V 






±5 
±5 






±10 
±10 


uA 
uA 


'OZH 
! OZL 


Leakage Current, HIGH 
Leakage Current, LOW 


OE\=HIGH,V OUT = V DD 
OE\ = HIGH,V OUT = D GND 






±5 
±5 






±10 
±10 


uA 
uA 


bs 


Short-Circuit Current 








30 






30 


mA 


Vol 


Output Voltage, HIGH 
Output Voltage, LOW 


D 0-7- ! OH = Max 
D 0-7» 'OH = Max 


4.0 




0.4 


4.0 




0.4 


V 
V 



Note: Values shown in Typ column are typical for V DD = +5.0 V and T A = 25°C. 
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TMC1175 



Switching Characteristics 







Temperature Range 








Standard 


Extended 




Parameter 


Conditions 


Min 


Typ 


Max 


Min 


Typ 


Max 


Units 


tgjQ Sampling Time Offset 


TMC1 175-20 


0 


3 


8 


0 


5 


10 


ns 




TMC1 175-30 


0 


3 


8 








ns 




TMC1 175-40 


0 


3 


8 








ns 


t DO Output Delay Time 


C LOAD = 15 P F 


















TMC1 175-20 






30 






38 


ns 




TMC1 175-30 






30 








ns 




TMC1 175-40 






20 








ns 


t HO Output Hold Time 


C LOAD = 15 P F 


















TMC1 175-20 


5 






5 






ns 




TMC1 175-30 


5 












ns 




TMC1 175-40 


5 












ns 


*ENA Output Enable Time 








65 






65 


ns 


tpjs Output Disable Time 








65 






65 


ns 
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System Performance Characteristics 









Temperature Range 










Standard 


Extended 




Parameter 


Conditions 


Min 


Typ 


Max 


Min 


Typ 


Max 


Units 




Intonrol 1 inooritw 1— rrr\r 
llllcyicll Lllltrctilly t-iiUf 


Rb = V R-> R T ■ V R+ 

Rd = AoMn, Rt = +2.5 V 
d GNU' '1 v 

R B = A GND' R T = V DDA 




±0.75 
±0.75 
±0.75 


±1.0 
±1.0 




±0.75 
±0.75 


±1.0 


LSB 
LSB 
LSB 


Eld 


Differential Linearity 
Error 


R B = V R _, Rj = V R+ 

Rb = a gnd. R t = +2 5V 
Rb = a gnd» Rt = ^dda 




±0.3 
±0.3 
±0.3 


±0.5 
±0.5 




±0.3 
±0.3 


±0.5 


LSB 
LSB 
LSB 


cs 


Code Size 




10 




190 


5 




195 


%nom 


BW 


Bandwidth 


TMC1 175-20 
TMC1 175-30 

TMC1 175-40, V DD = 5.0V, 
T A = 0°Cto70°C 






10 
12 
12 






10 


MHz 
MHz 
MHz 


^ap 


Aperture Error 






30 






30 




ps 


EOT 


Offset Voltage, Top 


R j - V )N for most positive 
code transition 






-75 






-75 


mV 


Er>R 
WD 


Offset Voltage, Bottom 


Rg - V|j^ for most negative 
code transition 






±40 






±40 


mV 


DG 


Differential Gain 


f s = 14.3 Msps, 

NTSC 40 IRE ramp, 

for R B = V R _, R T = V R+ and 

R B = A GND» R T = + 2 - 5 V 
V DD = +5.0 V, T A = 25°C 






2.0 






2.0 


% 


DP 


Differential Phase 


f s = 14.3 Msps, 

NTSC 40 I RE ramp, 

for R B = V R _, R T = V R+ and 

Rb = A GND« R T = + 2 - 5 v 
V DD = +5.0 V, T A = 25°C 






1.0 






1.0 


o 



Note: Values shown in Typ column are typical for V DD = +5.0 V and T A = 25°C. Bandwidth is the frequency band 
in which a full-scale sinewave can be digitized without spurious codes. 
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System Performance Characteristics 



Parameter 


Conditions 


Temperature Range 


Units 


Standard 


Extended 


Min 


Typ 


Max 


Min 


Typ 


Max 


SNR Signal-to-Noise Ratio 


TMC1175-20,f s = 20 Msps, 

f, N = 1.24 MHz 

f, N = 2.48 MHz 

f |N = 6.98 MHz 

f, N = 10.0 MHz 
TMC1 1 75-30, f s = 30 Msps, 
tpWH - 13 ns 

f, N = 1.24 MHz 

f, N = 6.98 MHz 

f, N = 10.0 MHz 

f, N = 12.0 MHz 

I MOl 1 /0-4U, 15 = 4U MSpS, 

I ^ = u 0 to / U O 
fjN = 1.24 MHz 
f ||vj = 6.98 MHz 

1 J ft A M 1 l_ 

f|N = 10.0 MHz 

* -ion ajiu-7 
Tj[^ = 1 £.U MHZ 


44 
43 
42 
42 

42 
41 
40 
39 

40 
39 
38 
38 


46 
45 
45 
45 

44 
43 
43 
42 

43 
42 
41 
41 




43 
42 
40 
40 


46 
45 
45 
45 




dB 
dB 
dB 
dB 

dB 
dB 
dB 
dB 

db 

/-ID 

ab 

HP 

Ob 

HP. 


or o • r- 

SFDR Spurious Free 


I MO 1 1 /0-<iU, Tg = £U MSpS, 
















Dynamic Range 


f _ i o/i mw-7 

T||vj = 1 .<c:4 MHZ 


44 


51 




41 


51 




HP. 
UD 




4 O vlQ K ^ UJ-7 

= <£.4o MHZ 


43 


47 




39 


47 




HR 
UD 




IN == MHZ 


32 


38 




30 


38 




HP 




4 -inn mu-7 
'IN = '^.U Mr" 2 


30 


35 




27 


35 




HP 
QD 




1 M0 1 1 /O-oU, 15 = JO MSpS, 


















t||sj = 1 .£4 MHZ 


42 


48 










HP 

Ob 




< 0 no til 1 1 — 

t||\| = b.9o MHZ 


32 


36 










HP 

Qb 




f, N = 10.0 MHz 


30 


34 










dB 




f, N = 12.0 MHz 


28 


32 










dB 




TMC1175-40,f s = 40 Msps, 


















T A = 0°C to 70°C 


















f, N = 1.24 MHz 


41 


44 










dB 




f, N = 6.98 MHz 


31 


34 










dB 




fj N = 10.0 MHz 


30 


33 










dB 




f, N = 12.0 MHz 


30 


32 










dB 



Note: SNR values do not include the harmonics of the fundamental frequency. 

SFDR is the ratio in dB of fundamental amplitude to the harmonic with highest amplitude. 
Values shown in Typ column are typical for V DD = +5.0 V and T A = 25°C. 
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Figure 9. Typical Interface Circuit 



+5Vo 



1N4148 0.1 jiF 



0.1 jliF 



LM185-1.2 1kQ 



0.1 |iF = = 



„ "Gain Adjust" 



V V 



2va 




CONV ► 
OB ► 



27053A 



Application Notes 

The circuit in Figure 9 uses a band-gap reference 
to generate a variable R T reference voltages for the 
TMC1 1 75 as well as a bias voltage to offset the 
wideband input amplifier to mid-range. An "offset 
adjust" is also shown for varying the mid-range 
voltage level. The operational amplifier in the 
reference circuitry is a standard general-purpose 
741 -type. 

The voltage reference is variable from 0.0 to 2.4 
volts on R T while R B is grounded. Note the diode 
clamps on the wideband op-amp output. These 
prevent the A/D input from being driven beyond the 
power supply. Diode protection is advised as good 
practice to limit analog input voltages to within the 
power supply range. 



The circuit in Figure 10a shows the self-bias of R T 
and R B by connection to V R+ and V R _. This sets up 
a 0.6 to 2.6 Volt input range for V IN . The input 
range is susceptible to power supply variation since 
the voltages on R T and R B are directly derived from 
V DDA . The video input is AC-coupled and biased 
at a variable midpoint of the A/D input range. This 
circuit offers the advantage of minimum support 
circuitry for the most cost-sensitive applications. 

In Figure 10b, an external band-gap reference sets 
Rj to +1 .2 Volts while R B is grounded. The internal 
pull-up resistor, R+, provides the bias current for 
the band-gap diode. The input impedance of the 
Rf input is approximately 50Q and the A/D 
converter input is biased at the mid-point of the 
input range. 
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TMC1175 



Figure 10. Typical Interface Circuit 

(a.) 



+5Vo- 



ikQ ; 



0.1 \iF 



V 



Video i 
Input 1 



CONV >- 
OEV 



2kQ§<- 

ikn : 



V 
10 



75Q 



1N4148 0.1 |XF 



0.1 j^F 



V 



0.1 jliF 



V 



1N4148 



0.1 



Vdda V ddd 
V R+ 
Rt 

TMC1175 



R B 

Vr. 



D 0 -D 7 



v in OE\ 
CONV 

Agnd D G nd 

TT 



(b.) 



+5VO- 



Input 



1N4148 



0.1 jliF 



10jaF 



CONV 
OE\ >- 



56Q £ 

1N4148 

V <7 



0.1 \xF 



LM185 
+1.2V 



0.1 \iF 



V 

ika 



ika 



Vdda Vddd 
Rt 

TMC1175 



Vr. 



D 0 -D, 



v in OE\ 
CONV 

Agnd D gnd 



V 



27054A 



For More information call 1 -800-722-7074. Raytheon Semiconductor 



3-133 



TMC1175 



Grounding 



The TMC1 175 has separate analog and digital 
circuits. To keep digital system noise from the A/D 
converter, it is recommended that power supply 
voltages (V DDD and V DDA ) come from the same 
source and ground connections (D GND and A GND ) 
be made to the analog ground plane. Power 
supply pins should be individually decoupled at the 
pin. 

The digital circuitry that gets its input from the 
TMC1 175 should be referred on the system digital 
ground plane. 

Printed Circuit Board Layout 

Designing with high-performance mixed-signal 
circuits demands printed circuits with ground 
planes. Wire-wrap is not an option, even for 
breadboarding. Overall system performance is 
strongly influenced by the board layout. Capacitive 
coupling from digital to analog circuits may result in 
poor A/D conversion. Consider the following 
suggestions when doing the layout: 

1 . Keep the critical analog traces (V )N , R T , R B , 
V R+> V R _) as short as possible and as far as 
possible from all digital signals. The TMC1 175 
should be located near the board edge, close 
to the analog output connectors. 

2. The power plane for the TMC1 1 75 should be 
separate from that which supplies the rest of 
the digital circuitry. A single power plane 



should be used for all of the V DD pins. If the 
power supply for the TMC1 175 is the same as 
that of the system's digital circuitry, power to 
the TMC1 175 should be decoupled with ferrite 
beads and 0.1 jaF capacitors to reduce noise. 

3. the ground plane should be solid, not cross- 
hatched. Connections to the ground plane 
should have very short leads. 

4. Decoupling capacitors should be applied 
liberally to V DD pins. Remember that not all 
power-supply pins are created equal. They 
typically supply adjacent circuitry on the 
device, which generate varying amounts of 
noise. For best results, use 0.1 jiF ceramic 
capacitors. Lead lengths should be minimized. 
Ceramic chip capacitors are the best choice. 

5. If the digital power supply has a dedicated 
power plane layer, it should not overlap the 
TMC1 1 75, the voltage reference or the analog 
inputs. Capacitive coupling of digital power 
supply noise from this layer to the TMC1 175 
and its related analog circuitry can have an 
adverse effect on performance. 

6. CONV should be handled carefully. Jitter and 
noise on this clock may degrade performance. 
Terminate the clock line carefully to eliminate 
overshoot and ringing. 
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Typical Performance Curves 



A. I DD vs. f s at 25°C 

50 




V DD =5„0V 
V RB = 0.6 V _J 
V RT =2.6V 
T A = 25°C 
f s = 1kHz 



40 



B. Iqq vs. T a at f s = 20 Msps 

37 



f s (Msps) 




C. EFBvs. f 

10 



IN 



D. SNRvs. f 



IN 



Effective 
Bits 













I ! I "I 

V DD = 5.0 V 
V RB = 0.6 V - 
V RT = 2.6 V 
T A = 25°C 
























> — 













































23456789 10 
f| N (MHz) 



SNR (dB) 



46 
44 
42 
40 
38 
36 
34 















































































V DD = 5.0 V 










v RB = u.b v 
V RT = 2.6 V 

-T- nror* 












1 A = CO U 

f s = 20 Msps 































3 4 5 6 
fiN (MHz) 
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27055A 



For More Information call 1-800-722-7074. 



Raytheon Semiconductor 



3-135 



TMC1175 



Ordering Information 



Product 


Conversion 


Temperature 


Screening 


Package 


Package 


Number 


Rate (Msps) 


Range 






Marking 


TMC1175M7C20 


20 


T A : -20°C to 75°C 


Commercial 


24-Lead SOIC 


1175M7C20 


TMC1175M7C30 


30 


T A : -20°C to 75°C 


Commercial 


24-Lead SOIC 


1175M7C30 


TMC1175M7C40 


40 


T A : -20°C to 75°C 


Commercial 


24-Lead SOIC 


1175M7C40 


TMC1175N2C20 


20 


T A : -20°C to 75°C 


Commercial 


24-Pin Plastic DIP 


1175N2C20 


TMC1175N2C30 


30 


T A : -20°C to 75°C 


Commercial 


o a rv_ i «. ~ * : ~~ r\ir"» 

24-Pm Plastic DIP 


1 1 75N2C30 


TMC1175N2C40 


40 


T A : -20°C to 75°C 


Commercial 


24-Pin Plastic DIP 


1175N2C40 


TMC1175R3C20 


20 


T A : -20°C to 75°C 


Commercial 


28-Lead Plastic PLCC 


1175R3C20 


1 MU1 i /OnouoU 


oU 


I A . -d\J U 10 /O U 


Commercial 


^o-Leaa riasnc rLou 


1 1 /OnoUoU 


TMC1175R3C40 


40 


T A : -20°C to 75°C 


Commercial 


28-Lead Plastic PLCC 


1175R3C40 


TMC1175B2F20 


20 


T A : -55°C to 125°C 


Commercial 


24-Pin CERDIP 


1175B2F20 


TMC1175C3F20 


20 


T A : -55°C to 125°C 


Commercial 


28-lead Ceramic LCC 


1175C3F20 


TMC1175E1C 


30 


T A : -20°C to 75°C 


Commercial 


Eurocard PC Board 


TMC1175E1C 
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Section 3 — Standard Products 



D/A Converters 



f 1 °< 

m 



TDC1016 
TDC1041 



2 5 10 20 50 

Conversion Rate (Mega Samples per Second) 



TDC1018 
TDC1318, 



TDC1034 
TDC1334 
— O 



Raytheon's D/A converters address video, signal 
synthesis and graphics applications. 

To the industry standard TDC1 01 6 1 0-bit video D/A (75Q 
voltage output) we have recently added the smaller, less 
expensive, and lower-power TDC1 041 (TTL) and 
TDC1 141 (ECL) DACs. The new devices are available in 
28 lead PLCCs as well as DIPs, and have been 
optimized to produce quality video signals. The 
TDC3310 provides high-performance 10-bit video with 
TTL interfaces from a single +5V power supply. 



The TDC1012 (20 Msps) and TDC1112 (50 Msps) have 
become the standard for signal synthesis applications. 
The 12-bit D/As have a Spurious-Free Dynamic Range 
(SFDR) of more than 70 dBc. They can directly drive a 
double-terminated 50fl line (25Q) to 1 Vp-p without an 
amplifier, simplifying interfacing and reducing overall 
system distortion. 

Raytheon's line of high-speed graphics D/As addresses 
the needs of today's high-resolution display systems. 
Palette D/As with 6- or 8-bit resolution meet industry- 
standard pinouts and exceed competitors' performance. 
The single and triple 4- and 8-bit 200 Msps D/As are 
ideal for systems not requiring a palette function. 
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Section 3 — Standard Products 







Differential 

l/IIICI CI 11101 

Linearity 


Conv 










Resolution 


Error 1 


Rate 1 


Rise 








Product 


Bits 


(i%) 


(Msps) 


Time 1 


Package 


Grade 2 


Notes 


DAC-08 


8 


0.1 


1.0 


— 


N,D 


C.V.SMD, JAN 


TDC1018-1 


8 


0.20 


200 


1.7 


B7.C3 


C 


Low cost ECL Graphics-ready. 


- 


8 


0.20 


125 


1.7 


B7.C3 


C 




TDC1318 


8 (triple) 


0.20 


200 


2 


B5 


C 


Low Cost ECL Graphics-ready. 


TDC1016-10 


10 


0.05 


20 


4 


N7, N5, B7, B5 


C 


Industry standard video DAC. 


-9 


10 


0.10 


20 


4 


N7, N5, B7, B5 


C,A 


Operates with TTL or ECL logic. 


•8 


10 


0.20 


20 


4 


N7,N5,B7 f B5 


C,A 




TDC1 041-1 


10 


0.048 


20 


4 


R3 


C 


Low cost 10-bit video D/A TTL interface. 


- 


10 


0.096 


20 


4 


R3 


C 




TDC3310 


10 


0.096 


40 


10 


N6, R6 


C 


Single +5V power supply 


TDC1 141-1 


10 


0.048 


50 


4 


R3 


C 


Low cost 10-bit video D/A ECL interface. 


- 


10 


0.096 


50 


4 


R3 


C 




TDC1012-3 


12 


0.012 


20 


4 


N7.R3 


C 


Signal synthesis D/A. 70 dBc SFDR. Very 


-2 


12 


0.024 


20 


4 


J7, N7, R3 


C, V, SMD 


low glitch. Drives 25Q directly. TTL Interface. 


-1 


12 


0.048 


20 


4 


J7, N7, R3 


C.V.SMD 






12 


0.048 


20 


4 


J7, N7, R3 


c,v 




TDC1112-3 


12 


0.012 


50 


4 


J7, N7, R3 


C 


Signal synthesis D/A. 


-2 


12 


0.024 


50 


4 


J7, N7, R3 


C, V, SMD 


70 dBc SFDR. Very low glitch. 


-1 


12 


0.048 


50 


4 


J7, N7, R3 


C, V, SMD 


Drives 25Q directly. 




12 


0.048 


50 


4 


J7 t N7, R3 


c,v 


ECL Interface. 



Notes: 

1 . Guaranteed. See product specifications for test conditions. 

2. A - High Reliability, T c - -55<C to 125*0. 
C - Commercial, T A - 0°C to 70*0. 

V - MIL-STD483 Compliant, T c - -55°C to 125<C. 

SMO * Available per Standardized Military Drawing, T c * -55<C to 125*0. 



3-138 



Raytheon Semiconductor 



For More Information call 1-800-722-7074. 



DAC08 



DAC-08 

8-Bit High Speed Multiplying D/A Converter 



Description 

The DAC-08 series of 8-bit monolithic multiplying Digital- 
to-Analog Converters provide very high speed 
performance coupled with low cost and outstanding 
applications flexibility. 

Advanced circuit design achieves 85 ns settling times 
with very low "glitch" and at low power consumption. 
Monotonic multiplying performance is attained over a 
wide 40 to 1 reference current range. Matching to within 
1 LSB between reference and full scale currents 
eliminates the need for full scale trimming in most 
applications. 

Direct interface to all popular logic families with full noise 
immunity is provided by the high swing, adjustable 
threshold logic inputs. 

High voltage compliance dual complementary current 
outputs are provided, increasing versatility and enabling 
differential operation to effectively double the peak-to- 
peak output swing. In many applications, the outputs can 
be directly converted to voltage without the need for an 
external op amp. 

All DAC-08 series models guarantee full 8-bit 
monotonicity, and nonlinearities as tight as ±0.1% over 
the entire operating temperature range are available. 
Device performance is essentially unchanged over the 
±4.5V to ±18V power supply range, with 33 mW power 
consumption attainable at ±5.0V supplies. 

The compact size and low power consumption make the 
DAC-08 attractive for portable and military/aerospace 
applications. Devices processed to MIL-STD-883, Level 
B are available. 

DAC-08 applications include 8-bit, 1.0 ps A/D 
converters, servo-motor and pen drivers, waveform 
generators, audio encoders and attenuators, analog 
meter drivers, programmable power supplies, CRT 
display drivers, high speed modems and other 
applications where low cost, high speed and complete 
input/output versatility are required. 



Features 

♦ Fast settling output current — 85 ns 

♦ Full scale current pre-matched to ±1 .0 LSB 

♦ Direct interface to TTL, CMOS, ECL, HTL, PMOS 

♦ Nonlinearity to ±0.1 % max. over temperature range 

♦ High output impedance and compliance — 
-10Vto+18V 

♦ Differential current outputs 

♦ Wide range multiplying capability — 1 .0 MHz 
bandwidth 

♦ Low FS current drift — ±1 0 ppm/°C 

♦ Wide power supply range — ±4.5V to ±1 8 V 

♦ Low power consumption — 33 mW @ i5.0V 

♦ Low cost 
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Ordering Information 



Operating 

Part Number Pack- Temperature Non- 
age Range linearity 

DAC-08EN N 0°Cto+70°C ±0.19% 
DAC-08CN N 0°Cto+70 o C ±0.39% 

DAC-08AD D -55°Cto +125°C ±0.1% 

DAC-08D D -55°Cto+125°C ±0.19% 

DAC-08D/883B D -55°Cto +125°C ±0.19% 

DAC-08AD/883B D -55°Cto +125°C ±0.1% 



Notes: 

/883B suffix denotes MIL-STD-883, Level B processing 
N- 16-lead plastic DIP 
D» 16- lead ceramic DIP 



Absolute Maximum Ratings 

(T A = +25°C unless otherwise noted) 

Supply Voltage (between +V$ and -V^ 36V 

Logic Inputs -V s to (-V s plus 36V) 

Analog Current Outputs 4 mA 

Reference Inputs (V 14 to V 15 ) -V5 to +V5 

Reference Input Differential 

Voltage (V 14 toV 15 ) ±18V 

Reference Input Current (l 14 ) 5.0 mA 

Operating Temperature Range 

DAC-08AD, D -55°C to +125°C 

DAC-08EN, CN 0°Cto+70°C 

Storage Temperature 

Range -65°Cto+150°C 

Lead Soldering Temperature 

(60 sec) +300°C 



Thermal Characteristics 





16-Lead 


16-Lead 




Ceramic 


Plastic 




DIP 


DIP 


Max. Junction Temp. 


+175°C 


+125°C 


Max. P D T A <50°C 


1042 mW 


555 mW 


Therm. Res Gjq 


60°C/W 




Therm. Res. 9j A 


120°C/W 


135°C/W 


For T A >50°C Derate at 


8.38 mW/°C 


7.41 mW/°C 



Connection Information 



16-Lead 
Dual-ln-Llne 

(Top View) 



d: 

E 
E 
E 
[I 

e 

E 
[I 



m 
m 
1 
1 

B 
SB 
B 



65-0177 



Pin Function Pin Function 

1 VLC Threshold Control 9 B5 

2 l 0UT 10 B6 

3 -V s 11 B7 

4 l 0UT 12 B8(LSB) 

5 B1 (MSB) 13 +V S 

6 B2 14 V REF (+) 

7 B3 15 V REF (-) 

8 B4 16 Compensation 
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Electrical Characteristics 

(V s = ±15V, l REF = 2.0 mA, T A = -55°C to +125°C for DAC-08 and DAC-08A;T A = 0°C to +70°C for DAC-08C and 
DAC-08E unless otherwise specified. Output characteristics refer to both Iqut and buT-) 









DAC-08A 




DAC-08 




Parameters 


Test Conditions 


Mln 


Typ 


Max 


Mln 


Typ 


Max 


Units 


Resolution 




8 


8 


8 


8 


8 


8 


Bits 


Monotonicity 




8 


8 


8 


8 


8 


8 


Bits 


Nonlinearity 


Full Temperature Range 






+0.1 






+0.19 


%FS 




To +1/2LSB, All Bits 
















Settling Time 


Switched ON or OFF 
T A = +25°C 1 




85 


135 




85 


150 


ns 


Propagation Delay 


















Each Bit 


T A = +25°C 1 




35 


60 




35 


60 


ns 


All Bits Switched 






35 


60 




35 


60 




Full Scale Tempco 






±10 


±50 




±10 


±80 


ppm/°C 




Full Scale Current 
















Output Voltage Compliance 


Change < 1/2 LSB 
Ro UT >20 MQ Typical 


-10 




+18 


-10 




+18 


V 




V REF = 10.000V 
















Full Scale Current 


R 14 , R 15 = 5.000kQ 
T A = +25°C 


1.984 


1.992 


2.000 


1.94 


1.99 


2.04 


mA 


Full Scale Symmetry 


IpS " 'fs 




±0.5 


±4.0 




±1.0 


±8.0 


pA 


Zero Scale Current 






0.1 


1.0 




0.2 


2.0 




Output Current Range 


V REF = +15V f -V s = -10V 


2.1 






2.1 






mA 


R 14 , R 15 = 5.000kQ 


Vdcc = +25V,-Ve = 12V 


4.2 






4.2 








Logic Input Levels 


















Logic "0" 


v LC = ov 






0.8 






0.8 


V 


Logic "1" 


2.0 






2.0 








Logic Input Current 


v LC = ov 
















Logic "0" 


V, N = -10VtO+0.8V 




-2.0 


-10 




-2.0 


-10 


MA 


Logic "1" 


V, N = 2.0Vto18V 




0.002 


10 




0.002 


10 




Logic Input Swing 


-V S = -15V 


-10 




+18 


-10 




+18 


V 


Logic Threshold Range 1 


V S = ±15V 


-10 




+13.5 


-10 




+13.5 




Reference Bias Current 






-1.0 


-3.0 




-1.0 


-3.0 


MA 


Reference Input Slew Rate 1 




4.0 


8.0 




4.0 


8.0 




mA/ps 



Note: 

1. Guaranteed by design, but not tested. 
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Electrical Characteristics (continued) 



Parameters 


Test Conditions 




DAC-08A 


DAC-08 




Min 


Typ 


Max 


Min 


Typ 


Max 


Units 


Power Supply Sensitivity 
Positive 


+V s = 4.5Vto18V, 
-V s = -4.5V to -18V, 
l RE p ■ 1.0 mA 




±0.0003 


±0.01 




±0.0003 


±0.01 


%AFS 
%AV 


Negative 




±0.002 


±0.01 




±0.002 


±0.01 


%/% 


Power Supply Current 
Positive 


V s « 15.0V, 
l REF = 1.0 mA 




2.3 


3.8 




2.3 


3.8 


mA 


Negative 




-4.3 


-5.8 




-4.3 


-5.8 


mA 


Positive 


V S = +5.0V,-15V, 
l REF = 2.0 mA 




2.4 


3.8 




2.4 


3.8 


mA 


Negative 




-6.4 


-7.8 




-6.4 


-7.8 


mA 


Positive 


V S = ±15V 
l REF = 2.0 mA 




2.5 


3.8 




2.5 


3.8 


mA 


Negative 




-6.5 


-7.8 




-6.5 


-7.8 


mA 


Power Consumption 


V S = ±5.0V 
l RE F = 1.0 mA 




33 


48 




33 


48 


mW 


V S = +5.0V, -15V, 
l R EF - 2.0 mA 




108 


136 




108 


136 


V S = ±15V 
l REF ■ 2.0 mA 




135 


174 




135 


174 







DAC-08E 


DAC-08C 




Parameters 


Test Conditions 


Min 


Typ 


Max 


Min 


Typ 


Max 


Units 


Resolution 




8 


8 


8 


8 


8 


8 


Bits 


Monotonicity 




8 


8 


8 


8 


8 


8 


Bits 


Nonlinearity 


Full Temperature Range 






+0.19 






+0.39 


%FS 




TO+1/2LSB, All Bits 
















Settling Time 


Switched ON or OFF 
T A = +25°C 1 




85 


150 




85 


150 


ns 


Propagation Delay 


















Each Bit 


T A = +25°C 1 




35 


60 




35 


60 


ns 


All Bits Switched 






35 


60 




35 


60 




Full Scale Tempco 






±10 


±50 




±10 


±80 


ppm/°C 




Full Scale Current 
















Output Voltage Compliance 


Change < 1/2 LSB 
Rqut> 20 MQ Typical 


-10 




+18 


-10 




+18 


V 




V REF = 10.000V 
















Full Scale Current 


R 14 , R 15 = 5.000kQ 
T A = +25°C 


1.94 


1.99 


2.04 


1.94 


1.99 


2.04 


mA 


Full Scale Symmetry 






±1.0 


±8.0 




±2.0 


±16.0 


MA 
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Electrical Characteristics (continued) 



Parameters 


Test Conditions 


DAC-08E 


DAC-08C 




Mln Typ Max 


Mln Typ Max 


Units 


Zero Scale Current 




0.2 2.0 


0.2 4.0 


MA 


Output Current Range 


V REF -+15V, 
-V S = -10V 


2.1 


2.1 


mA 


R 14 , R 15 = 5,000kQ 


V REF = +25V, 
-V S = -12V 


4.2 


4.2 


mA 


Logic Input Levels 
Logic "0" 


V LC «0V 


0.8 


0.8 


V 


Logic "1" 


2.0 


2.0 


Logic Input Current 
Logic "0" 


v LC »ov 

V, N = -10VtO+0.8V 
V, N = 2.0Vto18V 


-2.0 -10 


-2.0 -10 


pA 


Logic T 


0.002 10 


0.002 10 


Logic Input Swing 


-V S = -15V 


-10 +18 


-10 +18 


V 


Logic Threshold Range 1 


V S = ±15V 


-10 +13.5 


-10 +13.5 


V 


Reference Bias Current 




-1.0 -3.0 


-1.0 -3.0 


MA 


Reference Input Slew Rate 1 




4.0 8.0 


4.0 8.0 


mA/jjs 


Power Supply Sensitivity 
Positive 


+V s = 4.5Vto18V 
-V s = -4.5V to -18V 
l REF = 1.0 mA 


±0.0003 ±0.01 


±0.0003 ±0.01 


%AFS 


Negative 


±0.002 ±0.01 


±0.002 ±0.01 


%AV 


Power Supply Current 
Positive 


V S = ±5.0V, 
l REF = 1.0 mA 


2.3 3.8 


2.3 3.8 


mA 


Negative 


-4.3 -5.8 


-4.3 -5.8 


Positive 


V S = +5.0V, -15V, 
l REF = 2.0 mA 


2.4 3.8 


2.4 3.8 


mA 


Negative 


-6.4 -7.8 


-6.4 -7.8 


Positive 


V S = ±15V 
l REF = 2.0 mA 


2.5 3.8 


2.5 3.8 


mA 


Negative 


-6.5 -7.8 


-6.5 -7.8 


Power Consumption 


V S = +5.0V 
l REF « 1.0 mA 


33 48 


33 48 


mW 


V S = +5.0V, -15V, 
l REF = 2.0 mA 


103 136 


108 136 


mW 


V S = ±15V 
l REF = 2.0 mA 


135 174 


135 174 


mW 



3-144 



Raytheon Semiconductor For More Information call 1 -800-722-7074. 



DAC08 



Typical Performance Characteristics 




AH bits switched ON 



OmA 



1.0 mA 



2.0 mA 



(00000000) l REF = 2mA (11111111) 

True and Complementary Output Operation 



2.4V 



0.4V 



Logic 
Input 



Output - 1/2LS § 
Setting +1/2LSB 



Blt8 24V 
Logic 

ln P ut 04V 
0V 

8pA 

0 



feuT 



i 



50 ns/Dlvlslon 

LSB Switching 



5 

4 

1 3 

1 2 
1 
0 



All Kite -UlrtU- -VS m -1 5V 




























t Limit for 
-Vs = -5V 















0 12 3 4 
Iref(»"A) 

Full Scale Output Current vs. Reference Current 




0.1 1 

F (MHz) 

Roforonro Inmit Front lonrv PAcngnse 




50 ns/Dlvlslon 
l FS - 2 mA 
Rt-lkn 
1/2 LSB-4UA 

Full Scale Settling Time 



•out 



2.5V 

0.5V 
-0.5A 

-2.5 mA 



zzfe 



200 ns/Division 
R EQ (Input) * 200Q 

Rt«ioon 
c c -o 

Rin = 5K 
+V| N «10V 

Fast Pulsed Reference Operation 





500 


s 




I 


400 






i 


300 


8> 


200 


& 


1 


100 


§ 


0 



„1 LSB»7.8uA 




1 LSB -61 nA 



0.01 



1 



10 



0.1 
iFs(mA) 

LSB Propagation Delay vs. Full Scale Output Current 
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Applications Information 

Reference Amplifier Set-up 

The DAC-08 is a multiplying D/A converter in which the 
output current is the product of a digital number and the 
input reference current. The reference current may be fixed 
or vary from nearly zero to +4.0 mA. The full scale output 
current is a linear function of the reference current and is 
given by: 

lFS = "H" X,REFWhere,REF = l14 

In positive reference applications, an external positive 
reference voltage forces current through R 14 into the 
V REF(+) terminal (P' n 14 ) °f the reference amplifier. 
Alternatively, a negative reference may be applied to VREF(-) at 
pin 15; reference current flows from ground through R 14 
into Vr EF ( + \ as in the positive reference case. This 
negative reference connection has the advantage of a very 
high impedance presented at pin 15. The voltage at pin 14 
is equal to and tracks the voltage at pin 15 due to the high 
gain of the internal reference amplifier. R 15 (normally equal 
to R 14 ) is used to cancel bias current errors; R 15 may be 
eliminated with only a minor increase in error. 

Bipolar references may be accommodated by offsetting 
V REF or pin 15. The negative common mode range of the 
reference amplifier is given by: Vq M - = -Vs plus (l REF x 1 
kfl) plus 2.5V. The positive common mode range is +V S 
less 1.5V. 

When a DC reference is used, a reference bypass 
capacitor is recommended. A 5.0V TTL logic supply is not 
recommended as a reference. If a regulated power supply 
is used as a reference, R 14 should be split into two 
resistors with the junction bypassed to ground with a 0.1 \jF 
capacitor. 

For most applications, the tight relationship between l REF 
and Ips will eliminate the need for trimming l REF . If 
required, full scale trimming may be accomplished by 
adjusting the value of R 14 , or by using a potentiometer for 
R 14 . An improved method of full scale trimming which 
eliminates potentiometer T.C. effects is shown in the 
recommended full scale adjustment circuit. 

Using lower values of reference current reduces negative 
power supply current and increases reference amplifier 
negative common mode range. The recommended range 
for operation with a DC reference current is +0.2 mA to 
+4.0 mA. 

The reference amplifier must be compensated by using a 
capacitor from pin 16 to -V5. For fixed reference operation, 
a 0.01 nF capacitor is recommended. For variable 



reference applications, see section entitled "Reference 
Amplifier Compensation for Multiplying Applications." 

Multiplying Operation 

The DAC-08 provides excellent multiplying performance 
with an extremely linear relationship between l F $ and 
l REF over a range of 4.0 pA to 4.0 mA. Monotonic 
operation is maintained over a typical range of l REF from 
1 00 pA to 4.0 mA. 

Reference Amplifier Compensation for Multiplying 
Applications 

AC reference applications will require the reference 
amplifier to be compensated using a capacitor from pin 
16 to -V s . The value of this capacitor depends on the 
impedance presented to pin 14; for R 14 values of 1 .0, 
2.5, and 5.0 kQ, minimum values of Cq are 15, 37, and 
75 pF. Larger values of R14 require proportionately 
increased values of Cq for proper phase margin. 

For fastest response to a pulse, low values of R 14 
enabling small Cq values should be used. If pin 14 is 
driven by a high impedance such as a transistor current 
source, none of the above values will suffice and the 
amplifier must be heavily compensated which will 
decrease overall bandwidth and slew rate. For R 14 = 1 .0 
and Cq = 1 5 pF, the reference amplifier slews at 4.0 
mA/ns enabling a transition from l REF = 0 to l REF = 2.0 
mA in 500 ns. 

Operation with pulse inputs to the reference amplifier 
may be accommodated by an alternate compensation 
scheme. This technique provides lowest full scale 
transition times. An internal clamp allows quick recovery 
of the reference amplifier from a cutoff (l REF = 0) 
condition. Full scale transition (0 to 2.0 mA) occurs in 
120 ns when the equivalent impedance at pin 14 is 200Q 
and Cq ■ 0. This yields a reference slew rate of 1 6 mA/ 
jos which is relatively independent of R (N and V (N values. 

Logic Inputs 

The DAC-08 design incorporates a unique logic input 
circuit which enables direct interface to all popular logic 
families and provides maximum noise immunity. This 
feature is made possible by the large input swing 
capability, 2.0 pA logic input current and completely 
adjustable logic threshold voltage. For -V s ■ -15V, the 
logic inputs may swing between -10V and +18V. This 
enables direct interface with +5V CMOS logic, even 
when the DAC-08 is powered from a +5V supply. 
Minimum input logic swing and minimum logic threshold 
voltage are given by: -Vs plus (l REF x 1 .0 kO) plus 2.5V. 
The logic threshold may be adjusted over a wide range 
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by placing an appropriate voltage at the logic threshold 
control pin (pin 1 , V LC ). Vjh is nominally 1 .4V above 
V L q. For TTL and DTL interface, simply ground pin 1 . 
When interfacing ECL an l REF = 1.0 mA is 
recommended. For general setup of the logic control 
circuit, it should be noted that pin 1 will source or sink 
100 jiA typical; external circuity should be designed to 
accommodate this current. 

Fastest settling times are obtained when pin 1 sees a low 
impedance. If pin 1 is connected to a 1 .0 kQ divider, for 
example, it should be bypassed to ground by a 0.01 nF 
capacitor. 

Analog Output Currents 

Both true and comple mented output sink currents are 
provided where Iqut + 'out = ! FS- C urrent appears at 
the "true" output when a "1 " is applied to each logic input. 
As the binary count increases, the sink current at pin 4 
increases proportionally, in the fashion of a "positive 
logic" D/A converter. When a "0" is applied to any input 
bit, that current is turned off at pin 4 a nd turn ed on at pin 
2. A decreasing logic count increases Iqut as ' n a 
negative or inverted logic D/A converter. Both outputs 
may be used simultaneously. If one of the outputs is not 
required it must still be connected to ground or to a point 
capable of sourcing l FS ; do not leave an unused output 
pin open. 

Both outputs have an extremely wide voltage compliance 
enabling fast direct current-to-voltage conversion through 
a resistor tied to ground or other voltage source. Positive 
compliance is 36V above -V s and is independent of the 
positive supply. Negative compliance is given by -V s 
plus (l REF x 1.0 plus 2.5V. 

The dual outputs enable double the usual peak-to-peak 
load swing when driving loads in quasi-differential 
fashion. This feature is especially useful in cable driving, 
CRT deflection, and other balanced applications such as 
driving center-tapping coils and transformers. 

Power Supplies 

The DAC-08 operates over a wide range of power supply 
voltages from a total supply of 9V to 36V. When 
operating at supplies of J5.0V or less, l REF < 1 .0 mA is 
recommended. Low reference current operation 
decreases power consumption and increases negative 



compliance, reference amplifier negative common mode 
range, negative logic input range, and negative logic 
threshold range; consult the various figures for guidance. 
For example, operation at -4.5V with l REF = 2 mA is not 
recommended because negative output compliance 
would be reduced to near zero. Operation from lower 
supplies is possible. However, at least 8V total must be 
applied to insure turn-on of the internal bias network. 

Symmetrical supplies are not required, as the DAC-08 is 
quite insensitive to variations in supply voltage. Battery 
operation is feasible as no ground connection is 
required. However, an artificial ground may be used to 
insure logic swings, etc. remain between acceptable 
limits. 

Power consumption may be calculated as follows: 
Pd - (l+) (+V S ) + (I-) (-V S ) + (2 l REF ) (-Vs). A useful 
feature of the DAC-08 design is that supply current is 
constant and independent of input logic states; this is 
useful in cryptographic applications and further serves to 
reduce the size of the power bypass capacitors. 

Temperature Performance 

The nonlinearity and monotonicity specifications of the 
DAC-08 are guaranteed to apply over the entire rated 
operating temperature range. Full scale output current 
drift is typically ±10 ppm/°C, with zero scale output 
current and drift essentially negligible compared to 1/2 
LSB. 

The temperature coefficient of the reference resistor R 14 
should match and track that of the output resistor for 
minimum overall full scale drift. Settling times of the 
DAC-08 decrease approximately 1 0% at -55°C; at 
+125°C an increase of about 15% is typical. 
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Typical Applications 



+v RI 



MSB 
5 



LSB 



y 6^ 7^ 8? 9? 10^11? 12^ 



FS = 




For fixed reference TTL operation, 
typical values are: 
V REF = +10.000V 
R REF = 5.000K 
R15 = Rref 
C c - 0.01 uF 
V LC . 0V (Ground) 



Rref 



256 



'out + 'out = 'fs f° r a " logic states 

Figure 1. Basic Positive Reference Operation 



65-0186 



♦Vref 




l REF Peak Negative Swing of i, N 



+v REF 






DAC-08 


-Vref 




N 


+v REF 






DAC-08 


-Vref 





Impedance R15 (15) 

(Optional) 



+V REF Must be above Peak Positive Swing of V )N 



Vref Lo»T.C. 
+10V 4.5K 
O f VvV 




Figure 3. Recommended Full Scale Adjustment Circuit 



Figure 2. Accommodating Bipolar References 
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Typical Applications (Continued) 



Rref 




R REF Sets Ips : R15 is for bias current cancellation. 



DAC08 



MSB 



LSB 



-2mA 



off sf 7^ sf 9flofllfl2? 



Eout 



B1 B2 B3 B4 B5 B6 B7B8 

•out 

+V REF DAC-08 

•out 




Equt 



Scale 


B1 B2 B3 B4 B5 


B6 


B7 B8 






Eout 




louTmA 


Eout 


Full Scale 


1 


1 


1 1 1 


1 


1 


1 


1.992 


0.000 


-9.660 


-0.000 


Half Scale +LSB 


1 


0 


0 0 0 


0 


0 


1 


1.008 


0.984 


-5.040 


-4.920 


Half Scale 


1 


0 


0 0 0 


0 


0 


0 


1.000 


0.992 


-5.000 


-4.960 


Half Scale -LSB 


0 


1 


1 1 1 


1 


1 


1 


0.992 


1.000 


-4.960 


-5.000 


Zero Scale +LSB 


0 


0 


0 0 0 


0 


0 


1 


0.008 


1.984 


-0.040 


-9.920 


Zero Scale 


0 


0 


0 0 0 


0 


0 


0 


0.000 


1.992 


0.000 


-9.960 



Figure 4. Basic Negative Reference Operation 



Figure 5. Basic Unipolar Negative Operation 
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1 


1 


1 
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1 


1 


1 


1 


1 


1 


1 


0 
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0 


0 


0 


0 


0 


0 


1 
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1 


0 


0 


0 


0 


0 


0 


0 
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0 


1 


1 


1 


1 


1 


1 


1 
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0 


0 


0 


0 


0 


0 


0 


1 
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Figure 6. Basic Bipolar Output Operation 
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Figure 7. Offset Binary Operation 
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Typical Applications (Continued) 



DAC-08 




For complementary output (operation asa negative logic (DAC) 
connect inverting input of op amp to I 0 ut (pin 2) ; connect Iqut 
(pin 4) to ground. 



O Equt 



0 to+l FS . Rl 



255 

,FS " 256 ,REF 



Figure 8. Positive Low Impedance Output Operation 



DAC-08 




For complementary output (operation jas a negative logic (DAC) 
connect inverting input of op amp to Iqut (P in 2) ; connect Iqut 
(pin 4) to ground. 

Figure 9. Negative Low Impedance Output Operation 
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Temperature Compensating V LC Circuits 
Figure 10. Interfacing With Various Logic Families 
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Settling Time 

The DAC-08 is capable of extremely fast settling times, 
typically 85 ns at Ir^f = 2,0 mA - Judicious circuit design 
and careful board layout must be employed to obtain full 
performance potential during testing and application. The 
logic switch design enables propagation delays of only 35 
ns for each of the 8 bits. Settling time to within 1/2 LSB 
is therefore 35 ns, with each progressively larger bit 
taking successively longer. The MSB settles in 85 ns, 
thus determining the overall settling time of 85 ns. 
Settling to 6-bit accuracy requires about 65 to 70 ns. The 
output capacitance of the DAC-08 including the package 
is approximately 15 pF; therefore the output RC time 
constant dominates settling time if R L > 500Q. 

Settling time and propagation delay are relatively 
insensitive to logic input amplitude and rise and fall times, 
due to the high gain of the logic switches. Settling time 
also remains essentially constant for l REF values down to 
1 .0 mA, with gradual increases for lower l REF values. 
The principal advantage of higher l REF values lies in the 
ability to attain a given output level with lower load 
resistors, thus reducing the output Rq time constant. 



Measurement of settling time requires the ability to 
accurately resolve ±4.0 joA, therefore a 1 .0 kCl load is 
needed to provide adequate drive for most oscilloscopes. 
The settling time fixture uses a cascade design to permit 
driving a 1.0 k^2 load with less than 5.0 pF of parasitic 
capacitance at the measurement node. At l REF values of 
less than 1 .0 mA, excessive RC damping of the output is 
difficult to prevent while maintaining adequate sensitivity. 
However, the major carry from 01 1 1 1 1 1 1 to 1 0000000 
provides an accurate indicator of settling time. This code 
change does not require the normal 6.2 time constants to 
settle to within ±0.2% of the final value, and thus settling 
times may be observed at lower values of l REF .. 

DAC-08 switching transients or "glitches" are very low 
and may be further reduced by small capacitive loads at 
the output at a minor sacrifice in settling time. 

Fastest operation can be obtained by using short leads, 
minimizing output capacitance and load resistor values, 
and by adequate bypassing at the supply, reference and 
V LC terminals. Supplies do not require large electrolytic 
bypass capacitors as the supply current drain is 
independent of input logic state: 0.1 pF capacitors at the 
supply pins provide full transient protection. 



+v R , 



For Turn-On, V L = 2.7V 
For Turn-Off, V L = 0.7V 



Vcl 

0.7V O- 



=r= 0.1 M F 



Minimum 
Capacitance 



MSB 
5 




9 



10 



11 



LSB 



12 



B1 B2 B3 B4 B5 B6 B7B8\ 4 
+V REF buT 
DAC-08 

" V REF 'OUT 

+Vs -V s Comp 



0.1 uF 



13 



5 O 



16L c c 
■ 0.01 uF 



JTT 0.01 uF 
4=0.1 uF 




+15V -15V 
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TDC1012 

Monolithic Digital-to-Analog Converter 

12-Bit, 20 Msps 



Description 

The TDC1012 is a TTL compatible, 12-bit monolithic 
D/A converter capable of converting digital data into an 
analog current or voltage at data rates in excess of 20 
Megasamples per second (Msps). 

The analog performance has been optimized for 
dynamic performance, with very low glitch energy. The 
dual outputs are able to drive 50Q load with 1 Volt 
output levels while keeping a spurious-free-dynamic 
range greater than 70 dB. 

Data registers are incorporated on the TDC1012. This 
eliminates the temporal data skew encountered with 
external registers and latches and minimizes the 
glitches that can adversely affect performance in many 
applications. 



Features 

♦ 12-bit resolution 

♦ 20 Msps data rate 

♦ TTL inputs 

♦ Very low glitch with no Track-and-Hold circuit 
needed 

♦ Dual +4 dBm (1 V into 5Qty outputs make output 
amplifiers unnecessary in many applications 

♦ 70 dB typical spurious-free dynamic range 

♦ Available compliant to MIL-STD-883 

Applications 

♦ Direct digital RF signal generation 

♦ Test signal generation 

♦ Arbitrary waveform synthesis 

♦ Broadcast and studio video 

♦ High-resolution A/D converters 



Interface Circuit 
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Pin Assignments 



Vcc 26 1 

CONV 27 [ 
FT 28 [ 

V EEA 1 [ 
REF- 2[ 

REF+ 3E 

COMP 4[ 



N N N N 



]18 NC 

] 17 D GND 

]16 NC 

] 15 OUT- 

]14 OUT+ 

]13 A QND 

]12 NC 



D 9 


1[ 




] 


24 


D 8 


D 10 


*[ 




] 


23 


°7 


"11 


3[ 




] 


22 


V EED 


(LSB)D 12 


«[ 




] 


21 


COMP 


A GND 


5[ 




] 


20 


REF+ 


OUT* 


•[ 




] 


19 


REF- 


OUT- 


r[ 




] 


18 


Veea 


"gnd 


a[ 




] 


17 


FT 


"6 


»[ 




] 


16 


CONV 


°5 


10 [ 




] 


15 


V CC 




11 [ 




] 


14 


D 1 (MSB) 


h 


12 [ 




] 


13 


D 2 



28 Contact Chip Carrier-03 Package 

28 Leaded Plastic Chip Carrier-R3 Package 



24 Pin Hermetic Ceramic DIP-J7 Package 
24 Pin Plastic DIP-N7 Package 
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Functional Description 
General Information 

The TDC1 01 2 consists of five major circuit sections: the 
LSB data register, the MSB decode block, the decoded 
MSB register, the current switch array, and the reference 
amplifier. All data bits are registered just before the 
current switches to minimize the temporal skew that would 
generate glitches. 

There are three major D/A architectures: segmentated, 
weighted current sources, and R-2R. In segmentated 
converters there is one current source for each possible 
output level. The current sources are equally weighted 
and for an input code of N, N current sources are turned 
on. An N bit segmented D/A has 2N-1 current sources. 
A weighted current source D/A has one current source for 
each input bit, and a binary weighting for the current 
sources. In an R-2R D/A, there is one current source per 
bit and a resistor network which scales the current sources 
to have a binary weighting. When transitioning from a 
code of 01 1 1 1 1 1 1 1 1 1 1 to 1 00000000000, both the 
R-2R D/A and Binary weighted D/A are turning some 
current sources on while turning others off. If the timing is 
not perfect, there is a moment where too many current 
sources are either on or off, resulting in a glitch. In a 
segmented architecture, 2047 of the current sources 
remain on, and one more is turned on to increment the 
output - no possibility of a glitch. 

The TDC1 01 2 uses an architecture with the 6 MSBs 
segmented and the 6 LSBs form a R-2R network. The 
result is a D/A converter which has very low-glitch energy, 
and a moderate die size. 

Power, Grounds 

The TDC1012 requires a -5.2V power supply and a +5.0V 
power supply. The analog (Veea) and digital (Veed) supply 
voltages should be decoupled from each other, as shown 
in the Typical Interface Circuits. The Vqc pin should be 
considered a digital power supply. The 0.1 pf decoupling 
capacitors should be placed as close as possible to the 
power pins. The inductors are simple ferrite beads and are 
neither critical in value nor always required. 



Reference 

The TDC1012 has two reference inputs: REF+ and REF- 
These are the inverting and noninverting inputs of the 
internal reference amplifier. An externally generated 
reference voltage is applied to the REF- pin. Current flows 
into the REF+ pin through an external current setting 
resistor (Rref)- This current is the reference current (Iref) 
which serves as an internal reference for the current 
source array. The output current for an input code N from 
0UT+ is related to Iref through the following relationship: 

'OUT = N x 

Where N is the value of the input code 

This means that with an Iref that is nominally 625jjA, the 
full scale output is 40mA, which will drive a 50Q load in 
parallel with a 50£2 transmission line (25Q total load) with 
a 1 V peak to peak signal. The impedance seen by the REF— 
and REF+ pins should be approximately equal so the effect 
of amplifier input bias current is minimized. The TDC1012 
has been optimized to operate with a reference current of 
625|iA. Significantly increasing or decreasing this current 
may degrade the performance of the device. 

The minimum and maximum values for Vref and Iref are 
listed in the table of Operating conditions. The internal 
reference amplifier is externally compensated to assure 
stability. To compensate this amplifier, a 0.1|jF capacitor 
should be connected between the COMP pin and VeeA- 
The amplifier has been optimized to minimize the settling 
time, and as a result should be considered a DC amplifier. 
Performance of the TDC1012 operating in a multiplying D/A 
mode is not guaranteed. 

Stable, adjustable reference circuits are shown in the 
Typical Interface Circuits, 5, 6 and 7. 

Digital Inputs 

The data inputs are TTL compatible. The TDC1 01 2 is 
specified with two sets of setup and hold times. One of 
these pairs of specifications guarantees the performance 
of the TDC1012 to specifications listed in the Minimum 
and Maximum columns of the System performance 
characteristicsXable. 
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The second more rigid specification is recommended for 
applications where lowest possible glitch and highest 
SFDR are desired. The more stringent ts and tH ensure 
that the data will not be slewing during times critical to the 
TDC1Q12, and will minimize the effects of capacitively 
coupled data feedthrough and optimize SFDR performance. 

Another method for reducing the effect of capacitive 
coupling is to slow down the slew rates of the digital 
inputs. This has been done in the circuit shown in the 
Typical Interface Circuits by the addition of 50Q series 
resistors to the data lines. 

Clock and Feedthrough Control 

The TDC1012 requires a TTL clock signal (CONV) Data is 
synchronously entered on the rising edge of CONV. The 
CONV input is ignored in the Feedthrough (FT = HIGH) 
mode. The Feedthrough (FT) pin is normally held LOW, 
where the TDC1 01 2 operates in a clocked mode (the output 
changes only after a clock rising edge). An internal pull- 
down resistor is provided,and this pin may be left open for 
clocked operation. 

For certain applications, such as high-precision successive 
approximation A/D converters, throughput delay may be 
more important then glitch performance. In these cases, 
the FT pin may be brought HIGH, which makes the input 
registers transparent. This allows the analog output to 
change immediately and asynchronously in response to the 
digital inputs. 



Since skew in the bits of the input word will result in 
glitches, and will affect settling time, it is recommended 
that the TDC1 01 2 be operated in clocked mode for most 
applications. 

Analog Outputs 

Two simultaneous and complementary analog outputs are 
provided. Both of these outputs are full-power current 
sources. By driving the current source outputs into a 
resistive load, they may be used as voltage outputs. OUT+ 
provides a 0 to -40mA output current (0 to -1 V when 
terminated in 25Q) as the input code varies from 
0000 0000 0000 to 1111 1111 1111. OUT-variesina 
complementary manner from -40 to 0mA (-1 to 0V when 
terminated with 25Q) over the same code range. (See the 
Input Coding Table.) 

The output current is proportional to the reference current 
and the input code. The recommended output termination 
is 25Q. This can be provided by placing a 50Q source 
resistor between the output pin and ground, then driving a 
terminated 50Q transmission line. With this load, the 
output voltage range of the converter is 0 to -1 .0V. 

If a load is capacitively coupled to the TDC1012, it is 
recommended that a 25Q load at DC, as seen by the 
TDC1 01 2, continue to be maintained. The output voltage 
should be kept within the output compliance voltage range, 
Voc, as specified in the Electrical characteristics 
table, or the accuracy may be impaired. 
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Package Interconnections 



Signal Type 


Signal 
Name 


Function 


Value 


J7&N7 
Package Pins 


C3&R3 
Package Pins 


Power 


vcc 


Digital Supply Voltage 


+5.0V 


15 


26 


agnd 


Analog Ground 


0.0V 


5 


13 


dgnd 


Digital Ground 


0.0V 


8 


17 


veea 


Analog Supply Voltage 


-5.2V 


18 


1 


veed 


Digital Supply Voltage 


-5.2V 


22 


5 


Reference 


REF- 


Reference Voltage Input 


-1.0V 


19 


2 


REF+ 


Reference Current Input 


625juA 


20 


3 


COMP 


Compensation Capacitor 


0.1 (iF, see text 


21 


4 


Data Inputs 


Di (MSB) 


Most Significant Bit 


TTL 


14 


24 


D 2 




TTL 


13 


23 


D3 




TTL 


12 


22 


D 4 




TTL 


11 


21 


D5 




TTL 


10 


20 


D6 




TTL 


9 


19 


D? 




TTL 


23 


6 


D8 




TTL 


24 


7 


u 9 




TTI 
1 1 L 


1 


Q 
O 


Dm 




TTL 


2 


9 


Dll 




TTL 


3 


10 


D12(LSB) 


Least Significant Bit 


TTL 


4 


11 


Feedth rough 


FT 


Feedthrough Mode Control 


TTL 


17 


28 


Convert 


CONV 


Convert (Clock) Input 


TTL 


16 


27 


Analog Output 


0UT+ 


Analog Output 


0 to 40mA 


6 


14 


OUT- 


Analog Output 


40 to 0mA 


7 


15 



Input Coding Tabled 



Input Data 
MSB LSB 


OUT+ (mA) 


V0UT+(mV) 


OUT-(mA) 


VoUT-(mV) 


0000 0000 0000 


0.000 


0.00 


40.000 


-1000.00 


00000000 0001 


0.009 


-0.24 


39.990 


-999.75 


0000 0000 0010 


0.019 


-0.49 


39.980 


-999.52 




• 


• 


• 


• 




• 


• 


• 


• 




• 


• 


• 


• 




• 


• 


• 


• 


0111 1111 1111 


19.995 


-499.88 


20.005 


-500.12 


10000000 0000 


20.005 


-500.12 


19.995 


-499.88 




• 


• 


• 


• 




• 


• 


• 


• 




• 


• 


• 


• 


1111 1111 1101 


39.980 


-999.52 


0.019 


-0.49 


1111 1111 1110 


39.990 


-999.75 


0.009 


-0.24 


1111 1111 1111 


40.000 


-1000.00 


0.000 


0.0 



Note: 1. Iref = 625uA, RL0AD = 25Q 
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Figure 3. Equivalent Reference and Output Circuits 



REF+ O 




Figure 4. Output Test Load 

TEST LOAD: 
OUT + „ 



OUT- 



<5pF 



► OTO-1 VOLT 



>25Q 



21346A 



Absolute maximum ratings (beyond which the device may be damaged)! 



Supply Voltages 

Vcc (Measured to Dqnd) ~0- 5 10 +7 -0V 

Veea (Measured to Aqnd) _7 ° t0 +05V 

VeeA (Measured to Veed) -50 to +50mV 

VeeD (Measured to Dqnd) ~ 7 0 10 +0 5V 

AGND (Measured to Dqnd) -°- 5 10 +0 - 5V 



Inputs 

CONV, FT, Di_i2 (Measured to DQND) 2 V CC +0-5 to -0.5V 

CONV, FT, Di_i2 Current, Externally Forced3 ±3mA 

REF+, REF-, Applied Voltage (Measured to Aqnd) 3 V EEA to +0V 

REF+, REF-, Current, Externally Forced3 ±3mA 



Outputs 

0UT+, OUT- Applied Voltage (Measured to Aqnd) 2 -2 ° t0 + 20V 

0UT+, OUT- Current, Externally Forced3 +50mA 

Short-Circuit Duration (Single Output to 6ND) unlimited 



Temperature 

Operating, Ambient 

(Plastic Package) -20 to +90°C 

(Ceramic Package) -60 to +150°C 

Junction 

(Plastic Package) +140°C 

(Ceramic Package) +200°C 

Lead, soldering (10 seconds) +300°C 

Storage -65to+150°C 



Note: 1 . Absolute maximum ratings are limited values applied individually while other parameters are within specified operating conditions. Functional operation 
under any of these conditions is NOT implied. Device performance and reliability are guaranteed only if the Operating Conditions are not exceeded. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. Current is specified as conventional current flowing into the device. 
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Operating conditions 







Temperature Range 








Standard 


Extended 




Parameter 


Min 


Norn 


Max 


Min 


Norn 


Max 


Units 


vcc 


Positive Supply Voltage (Measured to Dqnd) 


4.75 


5.0 


5.25 


4.5 


5.0 


5.5 


V 


VEED 


Negative Supply Voltage (Measured to Dqnd) 


-4.9 


-5.2 


-5.5 


-4.9 


-5.2 


-5.5 


V 


veea 


Negative Supply Voltage (Measured to Aqnd) 


-4.9 


-5.2 


-5.5 


-4.9 


-5.2 


-5.5 


V 


vagnd 


Analog Ground Voltage (Measured to Dfj|\|p) 


— n 1 

U. 1 


n n 

U.U 


n 1 


— n 1 

U. 1 


n n 

U.U 


n i 

U. 1 


V 


Vffa 


Negative Supply Voltage (Measured to Veed) 


-20 


0 


20 


-20 


0 


20 


mV 


tPWL 


PflMV Pulco Width t fi\A/ Itn Moot Cnorif ipatinn\ 
OUIMV rUlbc VvlULII LUVV \IU IVIccL opcLIIIUdUUfl/ 


on 






on 






ns 


tPWL 


CONV Pulse Width LOW (to Optimize SFDR) 


20 






20 






ns 


tPWH 


PflMV Di ilort \A/i/-J+k UinU /4-n ft /I n /->+ Onnnlfinn'finnot 

uuimv ruise vviotn niun \to Meet opeciiicationsj 


on 






on 






ns 


tpwH 


CONV Pulse Width HIGH (to Optimize SFDR) 


20 






20 






ns 


to 


Qotun Timo riata tn PflM\/ /tn hAaat Qno^ifinatinnl 
OcLUp 1 llllc, UdLd LU UUIMV \LU IVIccL opcUlllUdLiUli/ 


25 






25 






ns 


ts 


Setup Time, Data to CONV (to Optimize SFDR) 


32 






36 






ns 




Hold Time (to Meet Specifications) 


1 






1 






ns 


tH 


Hold Time (to Optimize SFDR) 


4 






6 






ns 


tSF 


Setup Time, Data to FX 


5 






7 






ns 


tHF 


Hold Time, Data to FT 


28 






32 






ns 


V|L 


Input Voltage, Logic LOW 






0.8 






L 0.8 


\j 


V|H 


Input Voltage, Logic HIGH 


2.0 






2.0 






V 


vref 


Reference Voltage (REF-) 


-0.7 


-1.0 


-1.3 


-0.7 


-1.0 


-1.3 


V 


IREF 


Reference Current (REF+) 


550 


625 


700 


575 


625 


675 


MA 


cc 


Compensation Capacitor 


0.01 


0.1 




0.01 


0.1 




HF 


TA 


Ambient Temperature, Still Air 


0 




70 








°C 


TC 


Case Temperature 








-55 




125 


°C 



Notes: 1 . A common power supply isolated with ferrite bead inductors is recommended for Veea and VeeD- This is shown in the Typical Interface Circuits. 
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Electrical characteristics within specified operating conditions 









Temperature Range 










Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


'eea+'eed 




VEEA=VEED=Max,static 
Ta=0 to 70°C 




-180 






mA 






Ta=70°C 




-150 






mA 






Tq=-55 to 125°C 








-200 


mA 














-150 


mA 


Irr 




Vcc=Max, Static 
Ta=0 to 70°C 




25 






mA 






Ta=70°C 




20 






mA 






Tc=-55 to125°C 








35 


mA 






Tc=125°C 








24 


mA 


cref 


Reference Input Capacitance 






15 




15 


pF 


C| 


Digital Input Capacitance 






15 




15 


PF 


voc 


Compliance Voltage 




-1.2 


1.2 


-1.2 


1.2 


V 


Ro 


Output Resistance 




12 




12 




kQ 


CO 


Output Capacitance 






45 




45 


PF 


io 


Full Scale Output Current 


lREF=Nominal 


40 




40 




mA 


IlL 


Input Current, Logic LOW 


Vfjc, VEE=Max,V|=0.4V 


-10 


50 


-10 


50 


MA 


IIH 


Input Current, Logic HIGH 


Vcc, VEE=Max,V|=2.4V 


-10 


100 


-10 


100 


MA 


>IM 


Input Current, Max Input Voltage 


Vqc, VEE=Max, V|=Vcc Max 


-10 


100 


-10 


100 


ma 


vth 


Logic Input Threshold Voltagejypical 


Vcc,VEE=Nom,TA=25°C 


1.25 


1.55 


1.25 


1.55 


V 



Switching characteristics 







Temperature Range 








Standard 


Extended 




Parameter 


Test Conditions 


Min 


Typ 


Max 


Min 


Typ 


Max 


Units 


Fp Maximum Data Rate 


VEEA/ VEED, v CC = M >n 


20 


25 




20 


23 




MHz 


tQC Clock to Output Delay 


VEEA, VEED, VCC = Min, F T =L0W 






17 






20 


ns 


tQD Data to Output Delay 


VEEA,VEED,VCC = Min, FT = HIGH 






35 






40 


ns 


tQF FT to Output Delay 


VEEA, VEED,Vcc = Min 






35 






40 


ns 


tR Risetime 


90% to 10% of FSR,FT = L0W 






4 






4 


ns 


tp Falltime 


10% to 90% of FSR,F = L0W 






4 






4 


ns 


tSET Settling Time, Voltage 


FT = LOW, Full-Scale Voltage 
Transition on loUTto ±0.0188% 
FSR 




20 


30 




20 


35 


ns 
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System performance characteristics 



Parameter 


Test Conditions 


Temperature Range 


Units 


Standard 


Extended 


Min 


Typ 


Max 


Min 


Typ 


Max 


Fi n Hifforontial 1 inaaritw Frrnr 
l|_|J UlllttltMIUdl LlllcctllLy CIIUI 


VcrA \/rrn Unn Inrr- Mnml 

V EEA' V EED' v LC' 'REF- worn 1 

Tnpmnvvvo 
1 ULlUlZAAYo 






±0.012 






±0.012 


% 


TDC1012XXY2 






±0.024 






±0.024 


% 


TDC1012XXY1 






±0.048 






±0.048 


% 


Eli Integral Linearity Error 


VEEA f VEED f Vcc, lREF= Nom1 
TDC1012XXY3 






±0.024 






±0.024 


% 


TDC1012XXY2 






±0.048 






±0.048 


% 


TDC1012XXY1 






±0.048 






±0.048 


% 


Vrjs REF+ to REF- Offset Voltage 




-10 




+10 


-10 




+10 


mV 


IB REF- Input Bias Current 








5 






10 


(jA 


Eq Absolute Gain Error 


VEEA»VEED.VCCJREF= Mom 


-5 




5 


-5 




5 


% 


IfjF Output Offset Current 


VEEA/ VEED f Vcc=Min, 
Di_i2=L0W 


-5 




+5 


-5 




+5 


ma 


PSRR Power Supply Rejection Ratio 


VEEA, VEED, VCD lREF= Nom2 






-50 






-48 


dB 


PSS Power Supply Sensitivity 


VcaVEEA/VEED=4%, lREF=Nom 






-140 






-140 


ma/v 


Ga Peak Glitch Area 






25 


45 




25 


45 


pV-sec 


SFDR Spurious Free Dynamic Range 


|REP=Nom, 20Msps, 
10M Hz bandwidth 
F ou t=6MHz 


60 






60 






dBc 


F 0U t=5MHz 




70 










dBc 


FouHMHz 




75 










dBc 


F 0U t=1MHz 




78 










dBc 



Notes: 1 . OUT-connected to Agnd* OUT+driving virtual ground. 
2. 1 20 Hz, 600 mV p-p ripple on Vee and Vcc- 
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Typical Performance Curves (Typical Settling Time Characteristics) 

A. Full-Scale Output Transition, Rising Edge B. Settling Time, Full-Scale Output Rising Edge 



.0007 



/ m i ■ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 




Conditions 



Output Load: RL = 25 Q 
CL<5pF 
Temp: Ambient 
Supply Voltages: Nominal 



For Settling Time Detail, See Plot B 
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C. Full-Scale Output Transition, Falling Edge 

-.0004 
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Conditions 

Output Load: RL = 2512 
CL<5pF 
Temp: Ambient 
Supply Voltages: Nominal 




For Settling Time Detail, See Plot D 



1 1 1 1 1 1 1 1 



TIME (ns) 



200ns 

21597A 



E. Typical Settling Time vs. Settling Accuracy 
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5 to.i 
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Conditions 




Output Load: R L = 25 




C L <5pFQ 




Temp: Ambient 




Supply Voltages: Nominal 


I 





10 15 20 25 30 

FULL - SCALE SETTLING TIME (ns) 2 4085A 



0.000 



I I I I I I I I I I I I I I I I I I I I I I I I I 1 1 I I I I I I I I I I I I I I I I I I 
Conditions 



10ns 



Output Load: RL = 25i2 
CL<5pF 
Temp: Ambient 
± 1/2 LSB Supp , y voltages: Nominal 



l SET 



.002 L- 
0ns 



1 1 1 1 1 1 1 1 1 1 1 1 1 1 n 1 1 1 1 1 h 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 



200ns 



TIME (ns) 

D. Settling Time, Full-Scale Output, Falling Edge 

-1.0040 



i I i i i i I i i i i I i i i i I i i i i I i i i i | i i i i | i i i i | i i i i . 

Conditions j 

Output Load: RL = 2512 
CL < 5pF 

1/2 LSB Temp: Ambient ~ 
Supply Voltages: Nominal : 



-1.0060 




1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 



30ns 



TIME (ns) 



200ns 



F. Typical Supply Current vs. Temperature 
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G. Typical Output Spectrum 20Msps 1MHz Fq(JT 
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10 dB/ 



REF . 0 dBm ATTEN 30 dB 
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START 100 kHz 

RES BW 1 kHz VBW 1 kHz 



STOP 10. 000 MH2 
SWP 20 sec 



Applications Discussion 

The TDC1012 is a high performance D/A converter. To get 
the best possible performance requires careful attention to 
the details of circuit design and layout. 

Layout 

The layout of grounds in any system is an important 
design consideration. Separate analog and digital grounds 
are provided at the TDC1012. All ground pins should be 
connected to a common low-noise, low-impedance 
groundplane. This groundplane should be common for the 
TDC1012 and all of its immediate interface circuitry, which 
includes all of the reference circuitry, the output load 
circuitry, and all of the power supply decoupling 
components. 

The digital driving logic should use a separate system 
ground, and this ground should be connected to the 
analog groundplane in only one place. The analog and 
digital grounds may be connected in other ways if required 
by the user's system grounding plan, however, the voltage 



differential between the AgnD an d DGND pins must be 
held to within ±0.1 Volts. 

The high slew-rates of digital data make capacitive 
coupling with the D/A output a potential problem. Since 
the digital signals contain high-frequency harmonics of 
the clock, as well as the signal that is being provided to 
the TDC1012, the result of data feedthrough often looks 
like harmonic distortion which degrades the Spurious-Free- 
Dynamic-Range (SFDR) performance of the D/A. Capacitive 
coupling can be minimized by keeping digital lines 
physically away from the analog output and reference. 
Another technique that can reduce capacitive data coupling 
is to use low slew rate digital drive circuits or slowing the 
driving edges with series resistors. 

Direct Digital Synthesis Applications 

For most synthesis applications, optimum signal purity is 
obtained with the use of a balun (a simple RF transformer 
made by wrapping a few turns of wire around a ferrite 
core) as shown in Figure 5. This configuration has the 
benefit of canceling common mode distortion. An output 
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amplifier is not recommended because any amplifier will 
add distortion, which is likely to be much greater than that 
present from the outputs of the TDC1 01 2. 

The strict adherence to at least the minimum input data 
setup and hold times is important for the realization of the 
optimal performance. Spur levels may decrease as setup 
and hold times are increased. It is possible to achieve 
even higher performance in some instances by carefully 
"tuning" the input data setup and hold times (slightly 
delaying or advancing the CONV signal in relation to 
the data) provided to the TDC1012. The Operating 
conditions table has two sets of data for ts and tn, 
one which guarantees performance of the device in most 
applications, and one, more conservative specification, 
which has been found to be optimal for DDS applications. 

The actual digital-data waveform which represents a 
sinewave contains strong harmonics of that fundamental 
frequency. This can be seen by connecting a digital data 
line to the input of a spectrum analyzer. Data feedthrough 
to the analog output of a system due to improper board 
layout or system shielding and grounding will appear as 
additional harmonic distortion, adversely affecting SFDR. 

Harmonic distortion may improve even further with 
reduced AC termination impedance values, at the expense 
of lowered output voltage. This is achieved by a balun 
used as an impedance transformer as shown in Figure 5. 

The purity of the output of the TDC1 01 2 is greater than 
that which can be measured by many spectrum analyzers. 
The spectral plots shown in this data sheet were 
generated with an HP8568B, which has a noise floor just 
below that of the TDC1 01 2. When making spectral 



measurements it is important to remember that the 
TDC1012 output power is +4dBm, which is greater power 
than many analyzers are equipped to handle without 
adding distortion of their own. Accordingly, it may be 
necessary to introduce an attenuator to the input of the 
spectrum analyzer. 

The CONV signal provided to the TDC1012 must be as 
free from clock jitter as possible. Clock jitter is the random 
cycle-to-cycle variation in clock period. CONV clock jitter 
will effectively appear at the output as phase noise. A 
value of 1 0ps or less for clock jitter is recommended for 
the highest performance applications. Ordinary crystal 
oscillators are satisfactory. High-performance 
synthesizers, such as the HP8662, used to trigger a 
precision pulse generator, are also satisfactory. 

The TMC2340 direct digital synthesizer is ideal for 
generating a digital sinusoid for the D/A converter. The 
TMC2340 automatically generates a carrier frequency 
which may then be digitally phase, frequency or amplitude 
modulated. Two outputs are provided which are 90° out of 
phase (quadrature outputs). For more information on direct 
digital synthesis, and other applications of the TDC1012, 
please see application note TP46dn6 AB-8 from TRW LSI 
Products. 

Bipolar Output 

See Figure 5 for a suggested circuit for achieving a bipolar 
output voltage range. Optimum DC linearity is obtained by 
using a differential output, either with a balun or an 
operational amplifier in the differential mode. If it is 
desired that the TDC1 01 2 be operated in a single-ended 
fashion, the unused output should be connected directly to 
ground as is shown in Figure 7. 
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Figure 5. Typical Interface Circuit with Balun Output 
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Figure 6. Typical Interface Circuit with Differential Amplifier Output 
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Figure 7. Typical Interface Circuit with Resistive Load Output 
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Using the TDC1012 and TDC1112 in Sinusoidal 
Synthesis Applications 

In the past, most waveform synthesis was 
performed using analog oscillators, with their 
problems of drift, limited versatility, and design 
complexity. However, as the cost of high- 
performance digital circuits and digital-to-analog 
converters continues to fall, digital waveform 
synthesis is becoming increasingly popular. Direct 
digital synthesis (DDS) offers unprecedented levels 
of signal stability. Potential signal complexity for 
numerous applications including communications, 
instrumentation, radar, and medical imaging is also 
enhanced by DDS. This application note describes 
how exceptional spectral purity can be achieved 
with the TDC1 01 2 and TDC1 1 1 2 in sinewave 
synthesis applications. Board design techniques 
which optimize the performance of these D/A 
converters is also discussed. 

In most applications, the performance of a digital 
synthesizer is limited by the digital-to-analog 
converter (D/A) employed. Specifications of 
interest include maximum allowable sampling 
(digital clock) rate, signal-to- [random] noise ratio, 
total harmonic distortion, and spurious-free 
dynamic range (SFDR). 

With their high linearity and low glitch energy, the 
TRW TDC1012 and TDC1 1 12 12-bit and TDC1018 
8-bit D/A converters are particularly well suited to 
DDS applications. When used with the TRW 
TMC2340 Direct Digital Frequency Synthesizer, the 
TDC1012 becomes the output stage of a high- 
performance, low part count digital frequency 
synthesizer. The TDC1 01 2 offers a 20MSPS clock 
rate and is TTL-compatible. The TDC1 112 
operates at up to 50MSPS and is ECL-compatible. 
Both parts offer 70dB SFDR for 8 MHz signals 
sampled at 20MSPS. 

The circuit in Figure 10 can perform with spurs as 
low as -70dBc. To maintain a clean clock signal, a 
buffer should drive the clock to the direct digital 
synthesis circuitry. The clock oscillator should be 
powered from the same decoupled V cc as the D/A 
converter. 



Grounding is extremely important. A solid copper 
ground plane should be used and connected to 
digital ground at only one point to prevent the 
formation of ground loops. This minimizes the flow 
of digital switching current across the D/A ground 
plane. 

The use of a balun across the D/A outputs 
significantly improves spectral purity, since it 
effectively cancels distortion due to the Early 
voltage and data feedthrough characteristics of the 
D/A converter. In some applications, a 470 
picofarad capacitor connected between pin 6 and 
pin 7 as close to those pins as possible will be 
effective in reducing spurs. 

The primary sources of 2nd-harmonic distortion are 
insufficient input setup and hold times (t s and t H ) 
and data feedthrough. Minimum setup and hold 
times for the SFDR specification are shown in the 
"System Performance Characteristics" section of 
the data sheets for the TDC1 01 2 and TDC1 1 1 2. 

Figure 10 shows a 74ALS374 8-bit register with a 
2ns R-C delay (200 Ohm, 10 pF in the clock input 
line) that is designed to help meet setup and hold 
times for the TDC1012 (when it is operated at 
20MSPS) while reducing output slew rates. For 
military applications, a 54F374 with a 3ns R-C 
delay will meet the extended temperature range 
setup and hold time specifications while 
maintaining reasonable output slew rates. Note 
that the military versions of the TDC1012 and 
TDC1 1 12 are available in a 24-pin side brazed 
ceramic dual-in-line package which has been 
specifically designed to minimize data feedthrough. 
For optimum performance, the D/A converter 
should be soldered directly to the board. If a 
socket must be used, a low profile gold-insert 
socket such as Robinson-Nugent part number ICT- 
246-S-TG is recommended. 

The primary source of 3rd-harmonic distortion is 
the small non-linear component of output 
capacitance of the D/A. This can be minimized by 
reducing the amplitude of the output voltage swing, 
e.g. with the 1 :4 impedance ratio balun as shown in 
Figure 10. The center tap of the balun can be tied 
to a positive voltage generated by two diodes in 
series to ground. This will improve the 3rd- 
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harmonic distortion by around 2dB at the expense 
of the power dissipated by the diode biasing circuit. 
The D/A output voltage excursions should be 
limited to less than +1 .2V. 

The true harmonic distortion of these circuits can 
be masked by the spectrum analyzer under certain 
conditions. In particular, the circuit of Figure 10 
generates a relatively high output power which can 
cause distortion in the internal circuitry of some 



spectrum analyzers. This can be avoided by 
setting the input attenuation to a higher level, 
typically 40dB. 

The TDC1 01 2 and TDC1 1 1 2 D/A converters and 
TMC2340 Direct Digital Frequency Synthesizer 
make high-performance digital frequency synthesis 
cost-effective in applications requiring stability, 
spectral purity, and versatility. 



Figure 8. The TDC1012 In a DDS Application 
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Ordering Information 



Product 


Temperature Range 


Screening 


Package 


Package 


Number 








Marking 


TDC1012N7CX 


TA=0°Cto 70°C 


Commercial 


Plastic DIP 


1012N7C-X 


TDC1012J7CX 


Ta=0°C to 70°C 


Commercial 


Ceramic DIP 


1012J7C-X 


TDC1012J7VX 


Tc=-55°Cto125°C 


MIL-STD-883 


Ceramic DIP 


1012J7V-X 


TDC1012R3CX 


TA=0°Cto70°C 


Commercial 


Plastic Chip Carrier 


1012R3C-X 


TDC1012C3VX 


Tc-55°Cto125°C 


MIL-STD-883 


Ceramic Chip Carrier 


1012C3V-X 



Linearity Grade (X) 


None 


1 


2 


3 


Eld Linearity Error, Differential 


±0.096% (4 LSB) 


±0.048% (2 LSB) 


±0.024% (1 LSB) 


±0.012% (1/2 LSB) 


Eu Linearity Error, Integral 


±0.096% (4 LSB) 


±0.048% (2 LSB) 


±0.048% (2 LSB) 


±0.024% (1 LSB) 
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TDC1016 

Video Speed D/A Converter 

10-Bit, 20 Msps 



Description 

The TDC1016 is a bipolar monolithic digital-to-analog 
converter which can convert digital data into an analog 
voltage at rates up to 20 Msps (Megasamples Per 
Second). The device includes an input data register and 
operates without an external deglitcher or amplifier. 

Operating the TDC1 016 from a single -5.2V power 
supply will bias the digital inputs for ECL levels, while 
operating from a dual ±5V power supply will bias the 
digital inputs for TTL levels. 

All version of the TDC1 01 6 are 1 0-bit digital-to-analog 
converters, but are available with linearity specifications 
of either 8. 9, or 1 0 bits. The TDC1 01 6 is patented 
under U.S. patent number 3283120 with other patents 
pending. 



Features 

♦ 20 Msps conversion rate 

♦ 8, 9, or 10-bit linearity 

♦ Voltage output, no amplifier required 

♦ Single supply operation (-5.2V, ECL compatible) 

♦ Dual supply operation (±5.0V, TTL compatible) 

♦ Internal 10-bit latched data register 

♦ Low glitch energy 

♦ Disabling controls, forcing full-scale, zero, and 
inverting input data 

♦ Binary or two's complement input data formats 

♦ Differential gain = 1 .5%, differential phase = 1 .0° 



Applications 



♦ Construction of video signals from digital data 3x or 
4x NTSC or PAL color subcarrier frequency 

♦ CRT graphics displays, RGB, Raster, Vector 

♦ Waveform synthesis 



Functional Block Diagram 
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Pin Assignments 
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Functional Description 
General Information 

TTL/ECL buffers are used for all digital inputs to the 
TDC1016. Logic family compatibility depends upon the 
connection of power supplies. When single power supply 
(-5.2V) operation is employed, all data, clock, and 
disable inputs are compatible with differential ECL logic 
levels. All digital inputs become compatible with TTL 
levels when dual power supply (±5.0V) operation is 
used. 

The internal 10-bit register latches data on the rising 
edge of the clock (CLK) pulse. Currents from the current 
sources are switched accordingly and combined in the 
resistor network to give an analog output voltage. The 
magnitude of the output voltage is directly proportional 
to the magnitude of the digital input word. 

The NFL and NFH inputs can be used to simplify system 
calibration by forcing the analog output voltage to either 
its zero-scale or full-scale value. The TDC1016 can be 
operated in binary, inverse binary, two's complement, or 
inverse two's complement input data formats. 



Power 

The TDC1016 can be operated from a single -5.2V 
power supply or from a dual + 5.0V power supply. For 
single power supply operation, Vqc is connected to 
DGND anc ' a " in P uts t° the device become ECL 
compatible. When Vqq is tied to + 5.0V, the inputs are 
TTL compatible. 

The return path for the output from the 10 current 
sources is Aqi\|q. The current return path for the digital 
section is Dqjnq. Dq|\|q and Aqi\|q should be returned 
to system power supply ground by way of separate 
conductive paths to prevent digital ground noise from 
disturbing the analog circuitry of the TDC1016. All Aqjsjq 
pins must be connected to system analog ground. 

Reference 

The reference input is normally set to -1.0V with 
respect to Aqi\|d- Adjusting this voltage is equivalent to 
adjusting system gain. The temperature stability of the 
TDC1016 analog output (Aq(jt) depends primarily upon 
the temperature stability of the applied reference voltage. 
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Reference (cont.) 

The internal operational amplifier of the TDC1016 is 
frequency stabilized by an external 1 microfarad tantalum 
capacitor connected between the COMP pin and V^. A 
minimum of 1 microfarad is adequate for most appli- 
cations, but 10 microfarads or more is recommended for 
optimum performance. The negative side of this capacitor 
should be connected to V^E- 

Controls 

The NDIS inputs are used to disable the TDC1016 by 
forcing its output to the zero-scale value (current sources 
off). The NDIS inputs are asynchronous, active without 
regard to the CLK inputs. The other digital control inputs 
are synchronous, latched on the rising edge of the CLK 
pulse. 

The rising edge of the CLK pulse transfers data from the 
input lines to the internal 10-bit register. In TTL mode, 
the inverted inputs for CLK, DATA, and NDIS are inactive 
and should be left open. 

The Input Coding Table illustrates the function of the 
digital control inputs. A two's complement mode is 
created by activating N2C with a logic "0." When NFH 



and NFL are both activated with a logic "0," the input 
data to the 10-bit register is inverted. 

Data Inputs 

Data inputs are ECL compatible when single power 
supply operation is employed. The J5 and C2 packages 
allow for differential ECL inputs while the J7 and B7 
packages have only single-ended inputs. When 
differential ECL data is used, any data input can be 
inverted simply by reversing the connections to the true 
and inverted data input pins. All inverted input pins 
should be left open if single-ended ECL or TTL modes 
are used. All data inputs have an internal 40 kOhm pull- 
up resistor to V(X- 

Analog Output 

The analog output voltage is negative with respect to 
AGND an -d var ' es proportionally with the magnitude of 
the input data word. The output resistance at this point 
is 80 Ohms, nominally. 

No Connects 

There are several pins labeled no connect (NC) on the 
TDC1016 J5 and C2 packages, which have no 
connections to the chip. These pins should be left open. 



Package Interconnections 



Signal 
Type 


Signal 
Name 


Function 


Value 


B5 Package Pins 


B7 Package Pins 


Power 


v C c 


Positive Supply Voltage 


+ 5.0V 


9 


6 


v E e 


Negative Supply Voltage 


-5.0V 


2 


23 


A GND 


Analog Ground 


0.0V 


5, 6, 8 


2, 3, 5 


D GND 


Digital Ground 


0.0V 


10 


7 


Reference 


Vref 


Reference Voltage In 


-1.0V 


4 


1 


COMP 


Compensation 


VF 


3 


24 


Controls 


NDIS 


Not Disable 


TTL/ECL 


11 


8 


NDIS 


Not Disable (Inv) 


ECL 


14 




CLK 


Clock 


TTL/ECL 


12 


9 


CLK 


Clock (Inv) 


ECL 


13 




N2C 


Not Two's Complement 


TTL/ECL 


17 


11 


NFH 


Not Force HIGH 


TTL/ECL 


20 


13 


NFL 


Not Force LOW 


TTL/ECL 


21 


14 
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Package Interconnections (cont.) 



Signal 
Type 


Signal 
Name 


Function 


Value 


B5 Package Pins 


B7 Package Pins 


Data Inputs 


ni 


Rata Rit 1 fMQRt 

uaia on i iivioD) 


TTI /FPI 
1 1 L/CUL 


1 R 
ID 


m 

IU 


n« 
u 1 


uata bit I (Mob inv) 


CPI 


1 K 




u 2 




TTI /CPI 
1 1 L/tUL 


1 Q 


1 0 

IZ 


u 2 




CPI 


1 Q 

lo 




U 3 




TTI /CPI 
1 1 L/tUL 


OQ 

16 


1 R 
ID 


u 3 




CPI 
tUL 


00 
11 




u 4 




TTI /CPI 
1 1 L/tUL 


OK 
ZD 


1 R 

lb 


u 4 




CPI 
tUL 


0/1 
Z4 








TTI /CPI 
1 1 L/tLL 


07 
Z/ 


1 7 
I / 


Hp- 




CPI 
tUL 


OR 
ZD 




U 6 




TTI /CPI 
1 1 L/tUL 


OQ 

zy 


1 Q 


D6 




ECL 


28 




D? 




TTL/ECL 


31 


19 


D7 




ECL 


30 




no 




TTI /FPI 
1 1 L/ClsL 


w. 
jj 


on 
zu 


D8 




ECL 


32 




Dy 




TTL/ECL 


35 


21 


Dy 




ECL 


34 




n 10 


Data Bit 10 (LSB) 


TTL/ECL 


37 


22 


n 10 


Data Bit 10 (LSB Inv) 


ECL 


36 




Analog Output 


AOUT 


Analog Output Voltage 


0V to -IV 


7 


4 


No Connects 


NC 


No Connect 


Open 


1, 38, 39, 40 





Figure 1. Timing Diagram 



DATA. 
CONTROLS 



CLOCK 



CLOCK 



OUTPUT 




Note: 1. Differential ECL mode only 



Figure 2. Analog Output Equivalent Circuit, 
TTL and ECL Mode 

O Aqnd 



R 0UT 

80fi 1 



T C 0UT 



-o a 0 ut 



INPUT DATA DEPENDENT CURRENT SINK 



-o V EE 



Note: 1. 75 £2 requires outside trim 
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Figure 3. Digital Input Equivalent Circuit, TTL Mode 
v C c 



(+5.0V) 



40K 



50K > 35K 



DATA O- 



0 



< 



1=0 



D GND °~ 
VEE o- 



Figure 4. Digital Input Equivalent Circuit, ECL Mode 
v cc Q 



(0.0V) 



40K 



D GND O- 



DATA O- 



DATA O- 



13K 




6.7K 



< 



37K 



I=7S/lxA 



V EE O- 



Absolute maximum ratings (beyond which the device will be damaged) 1 



Supply Voltages 

Vqq (measured To Dq^q) -0.5 to +7.0V 

Vf£ (measured To Aq^q) +0.5 to -7.0V 

A GND < measure d To D GND* +0 - 5 t0 ~°- 5v 

Input Voltages 

Digital (measured To Dq N q) +7.0 to -7.0V 

Reference (measured To Aq^q) -1.5 to +0.5V 

Output 

Applied voltage (measured To Aq^q) +2.0 to -2.0V 2 

Short-circuit duration indefinite 

Temperature 

Operating ambient +125°C 

junction +175°C 

Lead, soldering (10 seconds) +300°C 

Storage -65 to +150°C 

Notes: 



1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range. 



For More information call 1 -800-722-7074. Raytheon Semiconductor 



3-177 



TDC1016 



Operating conditions 









Temperature Range 










Standard 


Extended 




Parameter 




Min 


Norn 


Max 


Min 


Norn 


Max 


Units 


Vrr 

v cc 


Positive Supply Voltage 


TTL Mode 


4.75 


5.0 


5.25 


4.50 


5.0 


5.50 


V 




ECL Mode 


-0.25 


0.0 


0.25 


-0.25 


0.0 


0.25 


V 


V EE 


Negative Supply Voltage 




-4.5 


-5.0 


-5.5 


-4.5 


-5.0 


-5.5 


V 


V AGI\ID 


Analog Ground Voltage (Measured to Dq^q) 




-0.1 


0.0 


0.1 


-0.1 


0.0 


0.1 


v 


*PWL 


CLK Pulse Width, LOW 




15 






20 






ns 


tpWH 


CLK Pulse Width, HIGH 




15 






20 






ns 


l S 


Input Register Set-up Time 


TTL Mode 


20 






22 






ns 






ECL Mode 


25 






27 






ns 


*H 


Input Register Hold Time 




2 






2 






ns 


V|L 


Logic "0" 


TTL Mode 


D GND 




0.8 


D GND 




0.8 


V 






ECL Mode 






-1.67 






-1.67 


V 


V| H 


Logic "1" 


TTL Mode 


2.0 




v C c 


2.0 1 




V CC 


V 






ECL Mode 


-1.0 






-1.0 






V 


Vref 


Reference Voltage 




-0.8 


-1.0 


-1.2 


-0.8 


-1.0 


-1.2 


V 


C C0MP 


Compensation Capacitor 




1.0 






1.0 








T A 


Ambient Temperature 




0 




70 








°c 




Case Temperature 










-55 




125 


°c 



Note: 

1. V| H /NDIS = 2.2 Mm. 



Electrical characteristics within specified operating conditions 







Temperature Range 








Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


Irjrj Power Supply Current 


TTL Mode, V cc = Max, V EE = Max 




20 




20 


mA 


Iff Power Supply Current 


TTL Mode, V cc = Max, V EE = Max 1 




-130 




-150 


mA 


IrEP Reference Input Current 


V EE = Max, V REF = -1.0V 




10 




10 


/iA 


l|L Logic "0" Input Current 


TTL Mode, V cc = Max, V EE = Max 




-1.0 




-1.0 


mA 




ECL Mode, V cc = 0.0, V EE = Max 




-300 




-300 


//A 


l|H Logic "1" Input Current 


TTL Mode, Vqq = Max, V EE = Max 




75 




75 


/M 




ECL Mode, V cc = 0.0, V EE = Max 




350 




350 


fik 


Cqut Output Capacitance 


A OUT t0 A GND (F '9 ure 2) 




10 




10 


pF 


C | fyj Digital Input Capacitance 


Any Digital Input to Dfj|\|o 




35 




35 


pF 


Rgyj Output Resistance 


A OUT t0 A GI\ID (Fi 9 ure 2) 


70 


95 


70 


95 


Ohms 



Note: 

1. Return current from V EE flows through Aq^q. 
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Switching characteristics within specified operating conditions 







Temperature Range 








Standard 


Extended 




Paramptor 
rm oiiicici 


Toct Pnnrlitinnc 
1 col UUIIUIllUllo 


Min 


Max 


Min 


Max 


Units 


Ffj Maximum Dat3 Rat6 


TTI l\/lnHo Cull Qpola riiitniit Qtnn 

i iL iviooe ruii-ocaie uuipui oiep 


20 




20 




MCPQ 
IVIoro 




ECL Mode Full -Scale Output Step 


17.8 




17.8 




MSPS 


tQg Data Turn -on Delay 


RL « 75 Ohms 




30 




30 


ns 


tgET Settling Time 


TDC101B-8 to 0.2% 




30 




30 


ns 


TDC1016-9 to 0.1% 




35 




35 


ns 




TDC1016-10 to .05% 




40 




40 


ns 


t RV Output 10% to 90% Risetime 


V EE = Norn, RL = 75 Ohms, Full -Scale Step 




5.5 




5.5 


ns 



System performance characteristics within specified operating conditions 







Temperature Range 








Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


RES Resolution 


All TDC1016 Devices 




10 




10 


Bits 


ELI, ELD Linearity Error Integral and Differential 


TDC1016-8 




0.2 




0.2 


% FS 


Independent Based 


TDC1016-9 




0.1 




0.1 


% FS 




TDC1016-10 




0.075 






% FS 


Vgps Full -Scale Output Voltage 


V EE = Norn, RL ^ 10 kOhms 


-0.95 


-1.05 


-0.95 


-1.05 


V 




V REF = -1.000V 












Vq^s Zero -Scale Output Voltage 


V EE = IMom, RL ^ 10 kOhms 




±15 




±15 


mV 




V REF = -1.000V 












DP Differential Phase 


NTSC 4x subcarrier 1 




1.0 




1.0 


Degree 


DG Differential Gain 


NTSC 4x subcarrier 1 




1.5 




1.5 


% 


GE Glitch "Energy" (Area) 


RL = 50 Ohms, Midscale 




125 




125 


pV-sec 


GV Glitch Voltage 


RL = 50 Ohms, Midscale 




35 




35 


mV 



Note: 

1. In excess of theoretical DP and DG due to quantizing error. 
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Input Coding Table 



NDIS 


N2C 


NFH 


NFL 


Data 


Output 


Description 


0 


X 


X 


X 


XXXXXXXXXX 


0.0 


Output Disabled" 




1 
1 


1 

1 


1 
1 


1111111111 

0000000000 


0.0 
-1.0 


Binary (Default State for TTL 
Mode Control) Inputs Open 


1 


1 
i 


0 

n 
u 


0 
u 


1111111111 
nnnnnnnnnn 


-1.0 

nn 
u.u 


Inverse Binary 




0 
0 


1 
1 


1 
1 


0111111111 
1000000000 


0.0 
-1.0 


Two's Complement 




0 
0 


0 
0 


0 
0 


0111111111 
1000000000 


-1.0 
0.0 


Inverse Two's Complement 




X 
X 


0 

1 


1 
0 


XXXXXXXXXX 
XXXXXXXXXX 


0.0 
-1.0 


Force HIGH 
Force LOW 



Notes: 1. For TTL, 0.0 < V !L < +0.8V is logic "0". 

2. For TTL, +2.0 < V, H < +5.0V is logic "1". 

3. For ECL, -1.85 < V| L < -1.67V is logic "0" 

4. For ECL, -1.0 < V )H < -0.8V is logic "1". 

5. x= "don't care". 



Calibration 

The TDC1016 is calibrated by adjusting the voltage 
reference to give the desired full-scale output voltage. 
The current switches can be turned on either by loading 
the data register with full-scale data or by bringing the 
NFH input to a logic zero. Note that all 10 current 
switches are activated by the NFH input and the 
resulting full-scale output voltage will be greater than if 
the system used only eight or nine bits for full-scale 
data. 

Typical Application 

The Typical Interface Circuit (Figure 5) shows the 
TDC1016 in a typical application, reconstructing video 
signals from digital data. Television timing signals, SYNC 
and BLANKING, are added by injecting current from the 
Wilson current source into a resistor divider circuit at the 
output of the TDC1016. 



The TDC1016 output and currents from the SYNC and 
BLANKING inputs are summed and amplified by the 
HA2539 wide-band operational amplifier. Note the 
careful power supply decoupling at the power input pins 
of the amplifier. The output of the circuit is a composite 
video signal with SYNC and BLANKING levels coming 
from external sources. This technique allows the 
TDC1016 to use its entire dynamic range for the video 
information while pulses are added by other means. 

The reference for the TDC1016 is generated by dividing 
the output voltage from a two-terminal band-gap voltage 
reference. System gain is calibrated by adjusting variable 
resistor R1. Analog and digital grounds should be routed 
back to system power supply ground by separate paths. 
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Figure 5. Typical Interface Circuit 



+12V 




-12V 



Parts List 



Resistors 








Capacitors 






Diodes 




m 


5K 


1/4W 


10-turn 


C1 


0.01jLlF 


50V 


CR1 


1N4001 


R? 




1/4W 


10-turn 


C2 


1.0/iF 


10V 






R3 


1K 


i/4W 


5% 


C3 


1.0/LtF 


10V 


Transistors 




R4 


43 


1/4W 


5% 


C4 


2.2/U.F 


25V 






R5 


33 


1/4W 


5% 


C5 


0.1/LtF 


50V 


Q1 


2N2907 


R6 


330 


1/4W 


5% 


C6 


2-5 pF 


50V 


Q2 


2N2907 


R7 


750 


1/4W 


5% 


C7 


0.1/UF 


50V 


Q3 


2N2907 


R8,R9 


10 


1/4W 


5% 


C8 


O.ljUF 


50V 


Q4 


2N6660 


R10 


75 


1/4W 


2% 


C9 


O.lptF 


50V 


Q5 


2N6660 


R11,R12 


10K 


1/4W 


5% 


C10 


QAfJLf 


50V 






R13 


220 


1/4W 


5% 






Integrated Circuits 


R14,R15 


100 


1/4W 


5% 


RF Chokes 










R16,R22 


390 


1/4W 


5% 


L1,L2 


Ferrite beads 




U1 


TRW TDC1016 


R17.R18 


2K 


1/4W 


10-turn 








U2 


LM113 


R19 


1K 


1/4W 


5% 








U3 


HA2539 


R20,R21 


1K 


1/4W 


5% 








U4 


SN7404 
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Ordering Information 



Product 
Number 


Temperature Range 


Screening 


Package 


Package 
Marking 


TDC1016J5CX 
TDC1016J5AX 


STD-T A =0°Cto70 o C 
EXT-T c = -55 0 Cto125°C 


Commercial 
High Reliability 


40 Pin Ceramic 
40 Pin Ceramic 


1016J5CX 
1016J5AX 


TDC1016J7CX 
TDC1016J7AX 


STD-T A = 0°Cto70°C 
EXT-T C = -55°Cto125°C 


Commercial 
High Reliability 


24 Pin Ceramic 
24 Pin Ceramic 


1016J7CX 
1016J7AX 



40G00280 Rev H 8/93 
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TDC1018 

Digital-to- Analog Converter 

8-Bit, 200 MHz 



Description 

The TDC1018 is an 8-bit digital-to-analog converter, 
designed for 200 MHz operation and capable of directly 
driving a 75 Ohm load to standard video levels. Most 
applications require no extra registering, buffering, or 
deglitching. Four special level controls make the device 
ideal for video applications. All data and control inputs 
are ECL compatible. 

The TDC1018 is built with Raytheon Semiconductor's 
OMICRON-Btm 1 -micron bipolar process. On-chip data 
registers and precise matching of propagation delays 
make the TDC1018 inherently low-glitching. The 
TDC1018 offers high performance, low power 
consumption, and video compatibility in a 24-pin DIP or 
a 28-contact chip carrier. 

Features 

♦ Monolithic "Graphics-Ready" 

♦ 1 25 MHz digital update rate, TDC1 01 8 

♦ 200 MHz digital update rate, TDC1 018-1 

♦ 8-bit resolution 



♦ 1/2 LSB linearity 

♦ Registered data and video controls 

♦ Complementary current outputs 

♦ Video controls: SYNC, BLANK, BRighT, force high 

♦ Inherently low glitch energy 

♦ ECL compatible inputs 

♦ Multiplying mode capability 

♦ Can be operated in TTL systems 

♦ Available in a 24-pin DIP and 28-contact 
chip carrier 

♦ Single -5.2V power supply 

Applications 

♦ RGB graphics 

♦ High resolution video 

♦ Raster graphic displays 

♦ Digital synthesizers 

♦ Automated test equipment 

♦ Digital transmitters/modulators 



Functional Block Diagram 



D 1-8 Z 



FH. BLANK 

BRT, 

SYNC 



CONV, CONV n 



3=> 



CONTROL 
LOGIC 



^ > REGISTER 

7S — 2 



2 



V EED D GND 



CURRENT 
SWITCHES 


i 


i 


REFERENCE 

CURRENT 

SOURCE 











V EEA A GND 



OUT+ 
OUT- 



COMP 
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Pin Assignments 



D5 

D? 

°8 
VEED 
CONV 
CONV 

FT 

D GND 
FH 10 

BLANK 11 

BRT 12 



24 D 4 

23 D 3 

22 D 2 

21 D 1 

20 V EEA 

19 OUT+ 
OUT- 

A GND 
16 COMP 
15 REF+ 
14 REF- 
SYNC 



1 18 
17 



13 



24 Pin CERDIP - B7 Package 




in co r* 00 ca 0 



° z Iz 

O uO □ 

z > u lu 



28 Contact Chip Carrier - C3 Package 



Functional Description 
General Information 

The TDC1018 develops complementary analog output 
currents proportional to the product of the digital input 
data and analog reference current. All data and control 
inputs are compatible with standard ECL logic levels. 
FeedThrough control (FT) determines whether data and 
control inputs are synchronous or asynchronous. If FT is 
LOW, each rising edge of the CONVert clock (CONV) 
latches decoded data and control values into an internal 
D-type register. The registered values are then converted 
into the appropriate analog output by switched current 
sinks. When FT is HIGH, data and control inputs are not 
registered, and the analog output asynchronously tracks 
the input values. FT is the only asynchronous input, and 
is normally used as a DC control. 

The TDC1018 uses a segmented approach in which the 
four MSBs of the input data are decoded into a parallel 
"Thermometer" code, which drives fifteen identical 
current sinks to produce sixteen coarse output levels. 
The LSBs of the input drive four binary-weighted current 
switches, with a total contribution of one-sixteenth of 
full-scale. The LSB and MSB currents are summed to 
provide 256 analog output levels. 



Special control inputs, SYNC, BLANK, Force High (FH) 
and BRighT (BRT), drive appropriately weighted current 
sinks which add to the output current to produce specific 
output levels especially useful in video applications. 

Power 

To provide highest noise immunity, the TDC1018 operates 
from separate analog and digital power supplies, Veea 
and V^ED' respectively. Since the required voltage for 
both Veea and Veed is -5.2V, these may ultimately be 
connected to the same power source, but individual 
high-frequency decoupling for each supply is recom- 
mended. A typical decoupling network is shown in 
Figure 7. The return for Ieed* the current drawn from 
the Veed supply > s DqnD- The return for I^EA ' s AqnD- 
All power and ground pins MUST be connected. 

Although the TDC1018 is specified for a nominal supply 
of -5.2V, operation from a +5.0V supply is possible 
provided that the relative polarities of all voltages are 
maintained. 

For additional information concerning the use of ECL D/A 
converters in a + 5V system, refer to TRW Application 
Note TP-33 "Using the TDC1018 and TDC1034 in a 
TTL Environment." 
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Reference 

The TDC1018 has two reference inputs: REF+ and 
REF-, which are noninverting and inverting inputs of an 
internal reference buffer amplifier. The output of this 
operational amplifier serves as a reference for the 
current sinks. The feedback loop is internally connected 
around one of the current sinks to achieve high accuracy 
(see Figure 4). 

The analog output currents are proportional to the digital 
data and reference current, Ir^F- The full-scale output 
value may be adjusted over a limited range by varying 
the reference current. Accordingly, the stability of the 
analog output depends primarily upon the stability of the 
reference. A method of achieving a stable reference is 
shown in Figure 7. 

The reference current is fed into the REF+ input, while 
REF- is typically connected to a negative reference 
voltage through a resistor chosen to minimize input offset 
bias current effects. 

A COMPensation input (COMP), is provided for external 
compensation of the TDC1018's reference amplifier. A 
capacitor (Cc) should be connected between COMP and 
the Veea supply, keeping lead lengths as short as 
possible. The value of the compensation capacitor deter- 
mines the effective bandwidth of the amplifier. In 
general, decreasing Cc increases bandwidth and 
decreases amplifier stability. For applications in which the 
reference is constant, Cq should be large, while smaller 
values of Cc may be chosen if dynamic modulation of 
the reference is renuired. 

Controls 

The TDC1018 has four special video control inputs: 
SYNC, BLANK, Force High (FH), and BRighT (BRT), in 
addition to a clock FeedThrough control (FT). All controls 
are standard ECL level compatible, and include internal 
pulldown resistors to force unused controls to a logic 
LOW (inactive) state. 

Typically the TDC1018 is operated in the synchronous 
mode, which assures the highest conversion rate and 
lowest spurious output noise. By asserting FT, the input 
registers are disabled, allowing data and control changes 
to asynchronously feed-through to the analog output. 



Propagation delay from input change (control or data) to 
analog output is minimized in the asynchronous mode of 
operation. 

In the synchronous mode, the video control inputs are 
registered by the rising edge of the CONV clock in a 
manner similar to the data inputs. The controls, like data, 
must be present at the inputs for a setup time of t$ (ns) 
before, and a hold time of tn (ns) after the rising edge 
of CONV in order to be registered. In the asynchronous 
mode, the setup and hold times are irrelevant and 
minimum pulse widths HIGH and LOW become the 
limiting factor. 

Asserting the video controls produces various output 
levels which are used for frame synchronization, 
horizontal blanking, etc., as described in video system 
standards such as RS-170 and RS-343A. The effect of 
the video controls on the analog outputs is shown in 
Table /. Special internal logic governs the interaction of 
these controls to simplify their use in video applications. 
BLANK, SYNC, and Force High override the data inputs. 
SYNC overrides all other inputs, and produces full 
negative video output. Force High drives the internal 
digital data to full-scale, giving a reference white video 
level output. The BRT control creates a "whiter than 
white" level by adding 10% of the full-scale value to the 
present output level, and is especially useful in graphics 
displays for highlighting cursors, warning messages, or 
menus. For non-video applications, the special controls 
can be left unconnected. 

Data Inputs 

Data inputs to the TDC1018 are standard single-ended 
ECL level compatible. Internal pulldown resistors force 
unconnected data inputs to logic LOW. Input registers are 
provided for synchronous data entry and lowest 
differential data propagation delay (skew), which 
minimizes glitching. 

In the registered mode, valid data must be present at 
the input a setup time t§ (ns) before, and a hold time tf-j 
(ns) after the rising edge of CONV. When FT is HIGH, 
data input is asynchronous and the input registers are 
disabled. In this case the analog output changes 
asynchronously in direct response to the input data. 
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Convert 

CONVert (CONV) is a differential ECL compatible clock 
input whose rising edge synchronizes data and control 
entry into the TDC1018. Within the constraints shown in 
Figure 2, the actual s witching threshold of CONV is 
determined by CONV . CONV may be driven single-ended 
by connecting CONV to a suitable bias voltage (Vbb). 
The bias voltage chosen will determine the switching 
threshold of CONV. However, for best performance, 
CONV must be driven differentially. This will minimize 
clock noise and power supply/output intermodulation. 
Both c lock inputs must normally be connected, with 
CONV being the complement of CONV. 



Analog Outputs 

The two analog outputs of the TDC1018 are high- 
impedance complementary current sinks which vary in 
proportion to the input data, controls, and reference 
current values. The outputs are capable of directly driving 
a dual 75 Ohm load to standard video levels. The output 
voltage will be the product of the output current and 
effective load impedance, and will usually be between 
OV and -1.07V in the standard configuration (see Figure 
5). In this case, the OUT- output gives a DC shifted 
video output with "sync down." The corresponding 
output from 0UT+ is also DC shifted and inverted, or 
"sync up." 



Package Interconnections 



Signal 
Type 


Signal 
Name 


Function 


Value 


B7 Package Pins 


C3 Package Pins 


Power 


v E ea 


Analog Supply Voltage 


-5.2V 


20 


23 


Veed 


Digital Supply Voltage 


-5.2V 


5 


6 


A GND 


Analog Ground 


0.0V 


17 


20 


D GND 


Digital Ground 


0.0V 


9 


10 


Reference 


REF- 


Reference Current- Input 


Op-Amp Virtual Ground 


14 


16 


REF + 


Reference Current + Input 


Op-Amp Virtual Ground 


15 


17 


COMP 


COMPensation Input 


c C 


16 


19 


Controls 


FT 


Register FeedThrough Control 


ECL 


8 


9 


FH 


Data Force High Control 


ECL 


10 


12 


BLANK 


Video BLANK Input 


ECL 


11 


13 


BRT 


Video BRighT Input 


ECL 


12 


14 


SYNC 


Video SYNC Input 


ECL 


13 


15 


Data Inputs 


Dl 


Data Bit 1 (MSB) 


ECL 


21 


25 


D 2 




ECL 


22 


26 


D 3 




ECL 


23 


27 


D 4 




ECL 


24 


28 


D 5 




ECL 


1 


1 


D 6 




ECL 


2 


2 


D 7 




ECL 


3 


3 


D 8 


Data Bit 8 (LSB) 


ECL 


4 


4 


Convert 


CONV 


CONVert Clock Input 


ECL 


6 


7 


CONV 


CONVert Clock Input, Complement 


ECL 


7 


8 


Analog Outputs 


OUT- 


Output Current - 


Current Sink 


18 


21 


OUT + 


Output Current + 


Current Sink 


19 


22 
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Figure 1. Timing Diagram 




Figure 2. CONVert, CONVert Switching Levels 
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Figure 3. Equivalent Input Circuits 
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Figure 4. Equivalent Output Circuit 
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Figure 5. Standard Load Configuration 
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Absolute maximum ratings (beyond which the device may be damaged) 1 



Supply Voltages 

V EED (measured to D GND ) -7.0 to 0.5V 

V EE ^ (measured to Aqnq) -7.0 to 0.5V 

^GND (measured to Drj^rj) -0.5 to 0.5V 

Input Voltages 

CONV, Data, and Controls (measured to D GND ) V EE p to 0.5V 

Reference input, applied voltage (measured to Aq^q) 2 

REF+ V EEA to 0.5V 

REF- V EEA to 0.5V 

Reference input, applied current, externally forced 34 

REF+ 6.0mA 

REF- 0.5mA 

Output 

Analog output, applied voltage (measured to Ag^n) 

OUT+ -2.0 to +2.0V 

OUT- -2.0 to +2.0V 

Analog output, applied current, externally forced 34 

0UT+ 50mA 

OUT- 50mA 

Short circuit duration Unlimited sec 

Temperature 

Operating, ambient -60 to +140°C 

junction +175°C 

Lead, soldering (10 seconds) +300°C 

Storage -60 to +150°C 

Notes: 



1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current when flowing into the device. 



For More Information call 1-800-722-7074. 



Raytheon Semiconductor 



3-189 



TDC10X8 



Operating conditions 







Temperature Range 








Standard 




Parameter 




Min 


Norn 


Max 


Units 


v E ed 


Digital Supply Voltage (measured to Dq^q) 




-4.9 


-5.2 


-5.5 


V 


%A 


Analog Supply Voltage (measured to Ag^g) 




-4.9 


-5.2 


-5.5 


V 


V AGND 


Analog Ground Voltage (measured to Dq^q) 




-0.1 


0.0 


+0.1 


V 


VccA-Vccn 

V EEA V EED 


Supply Voltage Differential 




-0.1 


0.0 


+0.1 


v 


V ICM 


CONV Input Voltage, Common Mode Range (Figure 2) 




-0.5 




-2.5 


V 


Vmr 

V IDF 


PflMU Innut Wnltuno Differential /Pinnro 91 

uuimv input vuiiaye, unrereniiai \ngure // 




0.4 




1.2 


\l 


¥wl 


pdm\/ Dnioo utKrUk i mm 
LUNV rUlse Width, LUW 




4 






ns 


l PWH 


CONV Pulse Width, HIGH 




4 






ns 


tc 


Setup Time, Data and Controls 




3.5 






ns 


<H 


Hold Time, Data and Controls 




0 






ns 


V IL 


Input Voltage, Logic LOW 








-1.49 


V 


V| H 


Input Voltage, Logic HIGH 




-1.045 






V 


'ref 


Reference Current 


Video standard output levels 1 


1.059 


1.115 


1.171 


mA 






8 -bit linearity 


1.0 




1.3 


mA 


k 


Compensation Capacitor 




2000 


3900 




pF 


h 


Ambient Temperature, Still Air 




0 




70 


°C 



Note: 

1. Minimum and Maximum values allowed by ±5% variation given in RS343A and RS170 after initial gain correction of device. 



Electrical characteristics within specified operating conditions 



Parameter 


Test Conditions 


Temperature Range 
Standard 


Units 


Min 


Max 


'EEA + 'EED Supply Current 


V EEA = V EED = MAX ' static1 
T A = 0°C to 70°C 




170 


mA 


T A = 70°C 




130 


mA 


Crep Equivalent Input Capacitance, REF+, REF- 






5 


pF 


C| Input Capacitance, Data and Controls 






5 


pF 


Vgcp Compliance Voltage, + Output 




-1.2 


+ 1.5 


V 


Vqqn Compliance Voltage, - Output 




-1.2 


+ 1.5 


V 


Rg Equivalent Output Resistance 




20 




KOhms 


Cg Equivalent Output Capacitance 






20 


PF 


Igp Max Current, + Output 


V EEA = NOM, SYNC = BLANK = 0, FH = BRT = 1 




30 


mA 


IgN Max Current, - Output 


V EEA = NOM, SYNC = 1 




30 


mA 


l|L Input Current, Logic LOW, Data and Controls 


V EED = MAX, V| = -1.49V 




200 




l| H Input Current, Logic HIGH, Data and Controls 


V EED = MAX, V| = -1.045V 




200 


//A 


l|Q Input Current, Convert 


V EED = MAX, -1.49V<V|< -1.045V 




50 





Note: 

1. Worst case over all data and control states. 
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Switching characteristics within specified operating conditions 







Temperature Range 








Standard 




Parameter 


Test Conditions 


Min 


Max 


Units 


Fg Maximum Data Rate 


V EEA , V EED - MIN 
TDC1018 


125 




MSPS 




TDC101B-1 


200 




MSPS 


toSC ^lock t0 ^ ut P ut Dela Y' blocked Mode 


V EEA , V EED = MIN, FT = 0 




8 


ns 


tQST Data to Output Delay, Transparent Mode 


%A> V EED = MIN, FT = 1 




13 


ns 


t3| Current Settling Time, Clocked Mode 


V EEA , V EED = MIN, FT = 0 
0.2% 




10 


ns 




0.8% 




8 


ns 




3.2% 




5 


ns 


tp| Risetime, Current 


10% to 90% of Gray Scale 




1.7 


ns 



System performance characteristics within specified operating conditions 



Parameter 


Test Conditions 


Temperature Range 
Standard 


Units 


Min 


Max 


Linearity Error Integral, Terminal Based 


Veea- v EED - "ref = ™ 




0.2 


% of Gray Scale 


E^Q Linearity Error Differential 


veea- v eed , i ref = nom 




0.2 


% of Gray Scale 


IqF Output Offset Current 


V EEA , V EED = MAX, SYNC = BLANK = 0, FH = BRT = 1 




10 


/iA 


Eg Absolute Gain Error 


V EEA , V EED = MIN, l REF = NOM 




±5 


% of Gray Scale 


TCq Gain Error Tempco 




±0.024 


% of Gray Scale/°C 


BWR Reference Bandwidth, -3dB 


C c = MIN, AV REF = 1mV p-p 


1 




MHz 


DP Differential Phase 


4 x NTSC 




1.0 


Degrees 


DG Differential Gain 


4 x NTSC 




2.0 


% 


PSRR Power Supply Rejection Ratio 


Veea- v E ed- "ref = nom^ 




45 


dB 


veea- v eed - 'ref = nom? 




55 


dB 


PSS Power Supply Sensitivity 


Veea- v E ed- 'ref = nom 




120 


/LtA/V 


G c Peak Glitch Charge 


Registered Mode 3 - 4 




800 


fCoulomb 


Gj Peak Glitch Current 


Registered Mode 




1.2 


mA 


G E Peak Glitch "Energy" (Area) 


Registered Mode 4 




30 


pV-Sec 


Ffj Feedthrough Clock 


Data = Constant 5 




-50 


dB 


FTq Feedthrough Data 


Clock = Constant 5 




-50 


dB 



Notes: 

1. 20KHz, ±C.3V ripple superimposed on V^, V EE rj; dB relative to full gray scale. 

2. 60Hz, ± 0.3V ripple superimposed on V EE ^, V^q; dB relative to full gray scale. 

3. fCoulombs = microamps x nanoseconds 

4. 37.5JT2 load. Because glitches tend to be symmetric, average glitch area approaches zero. 

5. dB relative to full gray scale, 250MHz bandwidth limit. 
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Table 1 Video Control Truth Table 



bync 


Rlanlr 


ruibc niyn 


Bright 


flat a Inniit 
Udld III|JUl 


flut— fmA) 1 

UUl — \IIIMf 


Out- (V)^ 


flut- (IRE) 3 
uui vine/ 


flpcprinf inn 4 


1 


X 


x 


x 


x 


28.57 


-1.071 


-40 


Sync Level 


0 


1 


X 


X 


X 


20.83 


-0.781 


0 


Blank Level 


0 


0 


1 


1 


X 


0.00 


0.00 


110 


Enhanced High Level 


0 


0 


1 


0 


X 


1.95 


-0.073 


100 


Normal High Level 


0 


0 


0 


0 


000... 


19.40 


-0.728 


7.5 


Normal Low Level 


0 


0 


0 


0 


111... 


1.95 


-0.073 


100 


Normal High Level 


0 


0 


0 


1 


000... 


17.44 


-0.654 


17.5 


Enhanced Low Level 


0 


0 


0 


1 


111... 


0.00 


0.00 


110 


Enhanced High Level 



Notes: 

1. Out+ is complementary to Out-. Current is specified as conventional current when flowing into the device. 

2. Voltage produced when driving the standard load configuration (37.5 Ohms). See Figure 5. 

3. 140 IRE units = 1.00V. 

4. RS-343-A tolerance on all control values is assumed. 



Figure 6. Video Output Waveforms for Out- and Out+ with Standard Load Configuration 



VOUT-W) 
R L = 37.5 Ohms 
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^ SYNC J 
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Figure 7. Typical Interface Circuit 



Parts List 



VIDEO 
DATA 

(ECU 




Integrated Circuits 



U1 TDC1018 D/A Converter 



Voltage References 



VR1 LM113 or LM313 Bandgap Reference 



Inductors 



L1 



Ferrite Bead Shield Inductor 
Fair-Rite P/N 2743001112 or Similar 



I i Resistors 



T = ECL TERMINATION 



R1 1KQ 

R2 1.00KO 
R3 2.00KO 
R4 1.00K12 

Capacitors 



Pot 
1/8W 
1/8W 
1/8W 



10 Turn 

1% Metal Film 
1% Metal Film 
1% Metal Film 



C1-C3 0.1 50V 
C c 0.01 fit 50V 



Ceramic Disc 
Ceramic Disc 



Ordering Information 



Product 


Temperature Range 


Screening 


Package 


Package 


Number 






Marking 


TDC1018B7C 


STD-T A =0°C to 70°C 


Commercial 


24 Pin CERDIP 


1018B7C 


TDC1018B7C1 


STD-T A = 0°C to 70°C 


Commercial 


24 Pin CERDIP 


1018B7C1 


TDC1018C3C 


STD-T A =0°C to 70°C 


Commercial 


28 Contact Chip Carrier 


1018C3C 


TDC1018C3C1 


STD-T A = 0°C to 70°C 


Commercial 


28 Contact Chip Carrier 


1018C3C1 



40G01211 Rev H 8/93 
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TDC1041 

Monolithic Digital-to-Analog Converter 

10-Bit, 20 Msps, 12 ns Settling Time 



Description 

The TDC1041 is a TTL compatible, 10-bit monolithic 
D/A converter capable of converting digital data into an 
analog current or voltage at data rates in excess of 20 
Megasamples-per second (Msps). 

The analog circuitry has been optimized for dynamic 
performance, with very low glitch energy. The output is 
able to drive a 50Q, load with a 1 Volt output level while 
maintaining low harmonic distortion. 

Data registers are incorporated on the TDC1041. This 
eliminates data skew encountered with external 
registers and latches and minimizes the glitches that 
can adversely affect many applications. 



Features 

♦ 10-bit resolution 

♦ 20 Msps data rate 

♦ TTL inputs 

♦ Very low-glitch with no track and hold circuit needed 

♦ Dual +4 dBm (1 V into 50fl) outputs make output 
amplifiers unnecessary in many application 



Applications 

♦ Test signal generation 

♦ Arbitrary waveform synthesis 

♦ Broadcast and studio video 

♦ High-resolution A/D converters 



Interface Diagram 
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Functional Block Diagram 



SEGMENT REFERENCE 
VOLTAGE 



63 UNIFORMLY WEIGHTED 
MSB CURRENT SWITCHES 




OUT+ 



BINARY WEIGHTED 
LSB CURRENT SWITCHES 



Pin Assignments 



N N N N N ° ? 



v cc 


26 [ 


CONV 


27 C 


FT 


28 [ 


V EEA 


1[ 


REF- 


2[ 


REF+ 


3[ 


COMP 


4[ 



]18 NC 

3 17 D GND 
]16 NC 
] 15 OUT- 
] 14 OUT+ 

* 13 A GND 
]12 NC 



28 Leaded Plastic Chip Carrier - R3 Package 



Functional Description 
General Description 

The TDC1 041 consists of five major circuit sections: the 
LSB data register, the MSB decode block, the decoded 
MSB register, the current switch array, and the reference 
amplifier. All data bits are registered just before the 
current switches to minimize the temporal skew that would 
generate glitches. 

Power, Grounds 

The TDC1041 requires a -5.2V power supply and a +5.0V 
power supply. The analog (Veea) an d digital (Veed) supply 
voltages should be decoupled from each other, as shown in 
the Typical Interface Circuit. The Vqc pin should be 
considered a digital power supply. The 0.1 jjF decoupling 
capacitors should be placed as close as possible to the 
power pins. The inductors are simple ferrite beads and are 
neither critical in value nor always required. 
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Reference and Compensation 

The TDC1041 has two reference inputs: REF+ and REF— 
These are the inverting and noninverting inputs of the 
internal reference amplifier. An externally generated 
reference voltage is applied to the REF- pin. Current flows 
into the REF+ pin through an external current setting 
resistor (Rref)- This current is the reference current (Iref) 
which serves as an internal reference for the current 
source array. The output current for an input code N from 
0UT+ is related to Iref through the following relationship: 



Where N is the value of the input code. 

This means that with an Iref that is nominally 625jjA, the 
full-scale output is 40mA, which will drive a 50Q load in 
parallel with a 50Q transmission line (25Q total load) with 
a 1 V peak to peak signal. The impedance seen by the REF— 
and REF+ pins should be approximately equal so that the 
effect of amplifier input bias current is minimized. When 
driving a 75Q load, the reference current must be reduced. 
This can be done by increasing the value of the resistor 
from REF+ to ground. 

The internal reference amplifier is externally compensated 
to ensure stability. A 0.1|oF capacitor should be connected 
between the COMP pin and VeeA- 

Digital Inputs 

The data inputs are TTL compatible. One of the effects that 
leads to degradation of the dynamic performance of the 
device is the capacitive feedthrough from the digital inputs 
to the analog output of the device. One method of reducing 
the effect of capacitive coupling is to slow down the slew 
rates of the digital inputs. This can be done in many ways, 
starting with the selection of a logic family that is no faster 
than what is needed, and can include the addition of 50Q 
series resistors to the data lines. 



Clock and Feedthrough Control 

TheTDC1041 requires a TTL clock signal (CONV). Data is 
synchronously entered on the rising edge of CONV. The 
CONV input is ignored in the Feedthrough (FT = HIGH) 
mode. The Feedthrough (FT) pin is normally held LOW, 
where the TDC1041 operates in a clocked mode (the output 
changes only after a clock rising edge). An internal pull- 
down resistor is provided, and this pin may be left open for 
clocked operation. 

For certain applications, such as high-precision successive 
approximation A/D converters, throughput delay may be 
more important than glitch performance. In these cases, 
the FT pin may be brought HIGH, which makes the input 
registers transparent. This allows the analog output to 
change immediately and asynchronously in response to the 
digital inputs. 

Since skew in the bits of the input word will result in 
glitches, and will affect settling time, it is recommended 
that the TDC1 041 be operated in clocked mode for most 
applications. 

Analog Outputs 

Two simultaneous and complementary analog outputs are 
provided. Both of these outputs are full-power current 
sources. By loading the current source outputs with a 
resistive load, they may be used as voltage outputs. OUT+ 
provides a 0 to -40mA output current (0 to -1 V when 
terminated in 25Q) as the input code varies from 
00 0000 0000 to 11 1111 1111. OUT-varies in a 
complementary manner from -40 to 0mA (-1 to 0V when 
terminated with 25Q) over the same code range. (See the 
Input Coding Table.) The output current is proportional to 
the reference current and the input code. 

No Connect 

These pins have no internal connection and should be left 
open for optimal performance. 
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Package Interconnections 



Signal 
Type 


Signal 
Name 


Function 


Value 


no raCKage 

Pins 


POWGT 


APMn 
M bNU 


Analnn RrnnnH 


o.ov 


13 


dgnd 


Digital Ground 


o.ov 


17 


veea 


Analog Supply Voltage 


-5.2V 


1 


veed 


Digital Supply Voltage 


-5.2V 


5 


veed 


Digital Supply Voltage 


-5.2V 


26 


Reference 


REF- 


Reference Voltage Input 


-1.0V 


2 


REF+ 


Reference Current Input 


625jaA 


3 


COMP 


Compensation Capacitor 


0.1 uf, see text 


4 


Data Inputs 


Di(MSB) 


Most Significant Bit 


TTL 


24 


D 2 




TTL 


23 


D3 




TTL 


22 


u 4 




TTL 


21 


D5 




TTL 


20 


D6 




TTL 


19 


D? 




TTL 


6 


08 




TTL 


7 


D9 




TTL 


8 


Dio(LSB) 


Least Significant Bit 


TTL 


9 


Feedthrough 


FT 


Feedthrough Mode Control 


TTL 


28 


Convert 


CONV 


Convert (Clock) Input 


TTL 


27 


Analog Output 


0UT+ 


Analog Output 


0 to 40mA 


14 


OUT- 


Analog Output 


40 to 0mA 


15 


No Connect 


NC 


No Internal Connection 


Open 


10,11,12,16,18,25 



Input Coding Tabled 



Input Data 










MSB LSB 


OUT+(mA) 


V 0 UT+(mV) 


OUT-(mA) 


VoUT-(mV) 


00 0000 0000 


0.000 


0.00 


40.000 


-1000.00 


00 0000 0001 


0.039 


-0.97 


39.961 


-998.05 


00 0000 0010 


0.078 


-1.95 


39.922 


-998.05 


• 


• 


• 


• 


• 


• 
• 


• 
• 


• 
• 


• 
• 


• 


0111 1111 11 


19.961 


-499.03 


20.000 


-500.00 


1000 0000 00 


20.000 


-500.00 


19.961 


-499.03 


• 


• 




• 


• 


• 
• 


• 
• 


• 
• 


• 
• 


• 
• 


1111 111101 


39.922 


-998.05 


0.078 


-1.95 


1111 1111 10 


39.961 


-999.03 


0.039 


-0.97 


1111 1111 11 


40.000 


-1000.00 


0.000 


0.0 



Note: 1. Iref = 625|jA,R[_0AD = 25£2 
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Figure 2. Equivalent Reference and Output Circuits 
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Figure 3. Simplified Reference and Output Circuits 
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Figure 4. Output Test Load 



TEST LOAD: 

OUT + „_ 
OUT- 



-►0TO-1VOLT 



<5pF 



► 25Q 



Absolute maximum ratings (beyond which the device may be damaged)i 



Supply Voltages 

Vcc (measured to Dqnd) -0.5to+7.0V 

Veea (measured to Aqnd) -7.0 to +0.5V 

V EEA (measured to Veed) -50 to +50mV 

VEED (measured to Dqnd) -7.0 to +0.5V 

AGND (measured to Dqnd) -0.5to+0.5V 

Inputs 

CONV,F,Di-io (measured to DQND) 2 Vcc +0.5 to -0.5V 

C0NV, FT, D1-10 Current, externally forced3 ±3mA 

REF+, REF-,applied voltage 

(measured to Aqnd) 3 VEEAto+0.5V 

REF+, REF-, current, externally forced3 ±3mA 

Outputs 

0UT+, OUT- applied voltage 

(measured to Aqnd) 2 -2.0to+2.0V 

0UT+, OUT- current, externally forced3 +50mA 

Short-circuit duration (single output to GND) unlimited 

Temperature 

Operating, ambient 

(Plastic Package) -20 to +90°C 

(Ceramic Package) -60 to +150°C 

Junction 

(Plastic Package) +140°C 

(Ceramic Package) +200°C 

Lead, soldering (10 seconds) +300°C 

Storage -65to+150°C 



Notes: 1 . Absolute maximum ratings are limiting values applied individually while other parameters are within specified operating conditions. Functional 

operation under any of these conditions is NOT implied. Device performance and reliability are guaranteed only if the Operating Conditions are not 
exceeded. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. Current is specified as conventional current flowing into the device. 
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Operating conditions 







Temperature Range 








Standard 




Parameter 




Min 


Norn 


Max 


Units 


vcc 


Positive Supply Voltage (Measured to Dqnd) 


4.75 


5.0 


5.25 


V 


veed 


Negative Supply Voltage (Measured to Dqnd) 


-4.9 


-5.2 


-5.5 


V 


veea 


Negative Supply Voltage (measured to Agnq) 


A Q 


-o.z 


-5.5 


V 


VARNin 
"MUIMU 


Analog Ground Voltage (Measured to DGND) 


-0.1 


0.0 


0.1 


v 


veea 


Negative Supply Voltage (Measured to Veed) 1 


-20 


0 


20 


mV 


tP\A/l 
i r vvl 


CONV Pulse Width LOW (to Meet Specification) 


20 






ns 


tPWH 


CONV Pulse Width HIGH (to Meet Specifications) 


20 






ns 


t<; 


Setup Time, Data to CONV (to Meet Specification) 


25 






ns 


tH 


Hold Time (to Meet Specifications) 


1 






ns 


tSF 


Setup Time, Data to FT 


5 






ns 


tHF 


Hold Time, Data to FT 


28 






ns 


VlL 


Input Voltage, Logic LOW 






0.8 


V 


V|H 


Input Voltage, Logic HIGH 


2.0 






V 


vref 


Reference Voltage (REF-) 


-0.7 


-1.0 


-1.3 


V 


IREF 


Reference Current (REF+) 


400 


625 


700 


ma 


cc 


Compensation Capacitor 


0.01 


0.1 






ta 


Ambient Temperature, Still Air 


0 




70 


°C 



Note: 1 . A common power supply isolated with ferrite bead inductors is recommended for Veea and VeeD- This is shown in the Typical Interface Circuit. 



Electrical characteristics within specified operating conditions 









Temperature Range 










Standard 




Parameter 


Test Conditions 


Min 


Max 


Units 


'EEA+lEED 


VEEA=VEED=Max, stat,c 
Ta=0 to 70°C 




-180 


mA 






Ta=70°C 




-150 


mA 


"CC 




Vcc=Max, Static 
TA=0to 70°C 




25 


mA 






Ta=70°C 




20 


mA 


Cref 


Reference Input Capacitance 






15 


PF 


C| 


Digital Input Capacitance 






15 


PF 


voc 


Compliance Voltage 




-1.2 


1.2 


V 


RO 


Output Resistance 




12 




kQ 


CO 


Output Capacitance 






45 


PF 


io 


Full-Scale Output Current 


lREF=Nominal 


40 




mA 


IlL 


Input Current, Logic LOW 


VcC,VEE=Max,V|=0.4V 


-10 


50 


uA 


>IH 


Input Current, Logic HIGH 


Vrjc,VEE=Max, V|=2.4V 


-10 


100 


MA 


l|M 


Input Current, Max Input Voltage 


v CCrVEE=Max, V|=VrjC Max 


-10 


100 


HA 


vth 


Logic Input Threshold Voltage,Typical 


VcC,VEE=Nom,TA=25°C 


1.25 


1.55 


V 
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Switching characteristics 







Temperature Range 








Standard 




Parameter 


Test Conditions 


Min 


Typ 


Max 


Units 


Fq Maximum Data Rate 


VeeA' VEED, Vcc=Min 


20 


25 




MHz 


tpc Clock to Output Delay 


VEEA, VEED, Vcc=Min, F=L0W 






17 


ns 


tQD Data to Output Delay 


VEEA, VEED, Vcc=Min, FT=HIGH 






35 


ns 


tQF FT to Output Delay 


VEEA, VEED, Vcc=Min 






35 


ns 


tR Risetime 


90% to 10% of FSR,FT=L0W 






4 


ns 


tF Falltime 


10% to 90% of FSR,FT=L0W 






4 


ns 


tSET Settling Time, Voltage 


FT=L0W, Full-Scale Voltage 
transition on IfjUTto ±0.0188%FSR 




20 


30 


ns 



System performance characteristics 









Temperature Range 










Standard 




Parameter 


Test Conditions 


Min 


Typ 


Max 


Units 


eld 


Differential Linearity Error 


VEEA, VEEDJREF=Noml 
TDC1041 






±0.1 


% 






TDC1041-1 






±0.05 


% 


Eli 


Integral Linearity Error 


VEEA, VEEDJREF=Nom1 
TDC1041 






±0.1 


% 






TDC1041-1 






±0.05 


% 


vos 


REF+ to REF- Offset Voltage 




-10 




+10 


mV 


IB 


REF- Input Bias Current 








5 


ma 


eg 


Absolute Gain Error 


VEEA,VEED,VccJREF=Nom 


-5 




5 


% 


•of 


Output Offset Current 


VEEA, VEED, Vcc= Min, Dmq=L0W 






±40 


pA 


PSRR 


Power Supply Rejection Ratio 


VEEA, VeeD.VccJREF= Nom2 






-50 


dB 


PSS 


Power Supply Sensitivity 


VfX VEEA/ VEED=4%, lREF= Norn 






-140 


MA/V 


ga 


Peak Glitch Area 






25 


45 


pV-sec 


SFDR 


Spurious Free Dynamic Range 


lREF=Nom, 20 Msps, 
10MHz bandwidth 
F 0U t=6MHz 


60 






dBc 






F out =5MHz 




70 




dBc 






F 0U t=2MHz 




75 




dBc 






F 0U t=1MHz 




78 




dBc 



Notes: 1 . OUT-connected to Agnd» OUT+d riving virtual ground. 

2 1 20 Hz, 0.6Vp-p ripple on Veea and Veed- d B relative to 0.6Vp-p ripple input. 
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Applications Information 

There are three major D/A architectures: segmented, 
weighted current sources, and R-2R. In segmented there 
is one current source for each possible output level. The 
current sources are equally weighted and for an input code 
of N, N current sources are turned on. An N bit segmented 
D/A has 2^ current sources. A weighted current source 
D/A has one current source for each bit of input with a binary 
weighting for the current sources. In an R-2R D/A, there is 
one current source per bit, and a resistor network which 
scales the current sources to have a binary weighting. 

When transitioning from a code of 01 1 1 1 1 1 1 1 1 to 
100000000000, both the R-2R D/A and Binary weighted 
D/A are turning some current sources on while turning 
others off. If the timing is not perfect, there is a moment 
where all current sources are either on or off, resulting in 
a glitch. In a segmented architecture, 51 1 of the current 
sources remain on, and one more is turned on to increment 
the output no possibility of a glitch. 

The TDC1041 uses a hybrid architecture with the 6 MSBs 
segmented, and the 4 LSBs from a R-2R network. The result 
is a converter which has very low-glitch energy, and a 
moderate die size. 

Layout Power and Grounding 

The layout of grounds in any system is an important 
design consideration. Separate analog and digital grounds 
are provided at the TDC1041. All ground pins should be 
connected to a common low-noise, low-impedance 
groundplane. This groundplane should be common for the 
TDC1041 and all of its immediate interface circuitry, which 
includes all of the reference circuitry, the output load 
circuitry, and all of the power supply decoupling 
components. 

The digital driving logic should use a separate system 
ground, and this ground should be connected (typically 
through a ferrite bead inductor) to the analog groundplane 
in only one place. The analog and digital grounds may be 
connected in other ways if required by the user's system 
grounding plan, however, the voltage differential between 
the AqnD an d DqnD P ms must be held to within U3.1 
Volts. 

Direct Digital Synthesis Applications 

There are many factors that can influence the system 
performance of a direct digital synthesizer. The following 



comments are directed at getting the best possible 
performance from the TDC1041, as measured by Spurrious 
Free Dynamic Range (SFDR). 

The termination of the output pins has an effect on DAC 
performance. For most synthesis applications, optimum 
signal purity is obtained with the use of a balun (a simple 
RF transformer made by wrapping a few turns of wire 
around a ferrite core). This configuration has the benefit 
of cancelling common mode distortion. 

Harmonic distortion may improve even further with reduced 
AC termination impedance values, at the expense of 
lowered output voltage. 

An output amplifier is not recommended because any 
amplifier will add extra distortion of its own, which is 
likely to be much greater than that present from the direct 
outputs of the TDC1041. 

One detrimental effect in DAC performance is capacitive 
coupling of the digital data into the output terminal. The 
actual digital-data waveform which represents a sine wave 
contains strong harmonics of that sine wave. This can be 
seen by connecting a digital data line to the input of an 
analog spectrum analyzer. Therefore data feedthrough to 
the analog output of a system due to improper board 
layout or system shielding and grounding will appear as 
additional harmonic distortion, adversely affecting SFDR. 

The strict adherence to at least the minimum input data 
setup and hold times is important for the realization of the 
optimal performance. Spur levels may decrease as setup 
and hold times are increased. It is possible to achieve even 
higher performance in some instances by carefully "tuning" 
the input data setup and hold times (slightly delaying or 
advancing the CONV signal in relation to the data) fed to 
the TDC1041. The Operating conditions table has two 
sets of data for ts and tn, one which guarantees 
performance of the device in most applications, and one, 
more conservative specification which has been found to 
be optimal for DDS applications. 

The purity of the output of the TDC1041 is greater than that 
which can be measured by many spectrum analyzers. The 
spectral plots shown in this data sheet were generated 
with an HP8568B, which has a noise floor barely below 
that of the TDC1 041, once the TDC1041 performance has 
been optimized. When making spectral measurements it is 
important to remember that the TDC1041 output power is 
+4dBm, which is greater power than many analyzers are 
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equipped to handle without adding distortion of their own. 
Accordingly, it may be necessary to introduce an attenuator 
to the input of the spectrum analyzer to see the true DAC 
performance. 

Output Termination 

The recommended output termination is 25Q. This can be 
provided by placing a 50£2 source resistor between the 
output pin and ground, then driving a 5012 transmission 
line. With this load, the output voltage range of the 
converter is 0 to -1 .0V. If a load is capacitively coupled to 
the TDC1041, it is recommended that a 25Q load at DC, 
as seen by the TDC1 041 , continue to be maintained. The 
output voltage should be kept within the output compliance 
voltage range, Voc, as specified in the Electrical 
Characteristics table, or the accuracy may be impaired. 

Optimum DC linearity is obtained by using a differential 
output either with a balun, or an operational amplifier in 
the differential mode. If it is desired that the TDC1041 be 
operated in a single ended fashion, the unused output 



should be connected directly to ground as is shown in 
Figure 5. The CONV signal provided to the TDC1041 
must be as free from clock jitter as possible. Clock jitter 
is the random cycle-to- cycle variation in clock period. 
CONV clock jitter will effectively appear at the output as 
phase noise. A value of 1 0ps or less for clock jitter is 
recommended for the highest performance applications. 
Ordinary crystal oscillators are satisfactory. High- 
performance synthesizers, such as the HP8662, used to 
trigger a precision pulse generator, are also satisfactory, 
although not as jitter free as a crystal oscillator. 

Driving a 75Q Transmission line 

The TDC1041 has been optimized to operate with a 
reference current of 625jjA. Significantly increasing or 
decreasing this current may degrade the performance of 
the device. If it is desired that the device drive a 37. bQ, 
load (75Q source termination driving 75Q transmission 
line) rather than the 25Q suggested load, then Vref should 
be held at 1V and Iref reduced to 417jjA. This will result in 
a 1 V p-p voltage being generated at the DAC output. 
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Figure 5. Typical Interface Circuit 
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Ordering Information 



Product Number 


Temperature Range 


Screening 


Package 


Package Marking 


TDC1041R3C 


TA=0°Cto 70°C 


Commercial 


Plastic Chip Carrier 


1041R3C 


TDC1041R3C1 


Ta=0°C to 70°C 


Commercial 


Plastic Chip Carrier 


1041 R3C1 



40G06718 Rev C 8/93 



3-206 



Raytheon Semiconductor 



For More Information call 1-800-722-7074. 



TDC1112 



TDC1112 

Monolithic Digital-to-Analog Converter 

12-Bit, 50 Msps, 12 ns Settling Time to 0.1%, 70 dB SFDR 



Description 

The TDC1 1 12 is a ECL compatible, 12-bit monolithic 
D/A converter capable of converting digital data into an 
analog current at data rates in excess of 50 
Megasamples-per second (Msps). 

The analog circuitry has been optimized for dynamic 
performance, with very low glitch energy. The output is 
able to drive a 50Q load with 1 Volt outputs while 
keeping a spurious-free-dynamic range greater than 70 
dB. 

Data registers are incorporated on the chip. This 
eliminates the temporal data skew encountered with 
external registers and latches and minimizes the 
glitches that can adversely affect many applications. 



Interface Diagram 



Features 

♦ 12-bit resolution 

♦ 50 Msps data rate 

♦ ECL inputs 

♦ Very low-glitch with no track and hold circuit needed 

♦ Dual 44 dBm (1 V into 50ft) outputs make output 
amplifiers unnecessary in many applications 

♦ 70 dB typical spurious-free-dynamic-range 

♦ Available compliant to MIL-STD-883C 



Applications 



♦ Direct digital RF signal generation 

♦ Test signal generation 

♦ Arbitrary waveform synthesis 

♦ Broadcast and studio video 

♦ High-resolution A/D converters 
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Functional Block Diagram 
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Pin Assignments 
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12 [ 




21340A 



24 Pin Hermetic Ceramic DIP - J7 Package 
24 Pin Plastic DIP - N7 Package 
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Functional Description 
General Information 

The TDC1112 consists of five major circuit sections: the 
LSB data register, the MSB decode block, the decoded 
MSB register, the current switch array, and the reference 
amplifier. All data bits are registered just before the 
current switches to minimize the temporal skew that 
would generate glitches. 

There are three major D/A architectures: thermometer 
code segmentation, weighted current sources, and 
R-2R. In thermometer code segmentation there is one 
current source for each possible output level. The current 
sources are equally weighted and for an input code of 
N, N current sources are turned on. An N bit segmented 
D/A has 2^ current sources. A weighted current source 
D/A has one current source for each bit of input with a 
binary weighting for the current sources. In an R-2R 
D/A, there is one current source per bit, and a resistor 
network which scales the current sources to have a 
binary weighting. 

When transitioning from a code of 011111111111 to 
100000000000, both the R-2R D/A and binary 
weighted D/A are turning some current sources on while 
turning others off. If the timing is not perfect, there is a 
moment where all current sources are either on or off, 
resulting in a glitch. In a segmented architecture, 2047 
of the current sources remain on, and one more is 
turned on to increment the output-no possibility of a 
glitch. 

The TDC1112 uses a hybrid architecture with the 6 
MSBs segmented, and the 6 LSBs from a R-2R 
network. The result is a converter which has very low 
glitch energy, and a moderate die size. 

Power, Grounds, and Layout 

The TDC1112 requires a single -5.2V power supply. The 
analog (Veea) and digital (Veed) supply voltages should 
be decoupled from each other, as shown in the Typical 
Interface Circuits, to provide the highest noise immunity. 
The 0.1 /xF decoupling capacitors should be placed as 
close as possible to the power pins. The inductors are 
simple ferrite beads and are neither critical in value nor 
always required. 

The high slew-rates of digital data make capacitive 
coupling with the D/A output a real problem. Since the 



digital signals contain high-frequency harmonics of the 
clock, as well as the signal that is being provided to the 
DAC, the result of data feedthrough often looks like 
harmonic distortion which degrades the Spurious-Free- 
Dynamic-Range (SFDR) performance of the D/A. 

The layout of grounds in any system is an important 
design consideration. Separate analog and digital grounds 
are provided at the TDC1112. All ground pins should be 
connected to a common low-noise, low-impedance 
groundplane. This groundplane should be common for the 
TDC1112 and all of its immediate interface circuitry, 
which includes all of the reference circuitry, the output 
load circuitry, and all of the power supply decoupling 
components. 

The digital driving logic should use a separate system 
ground, and this ground should be connected (typically 
through a ferrite bead inductor) to the analog ground- 
plane in only one place. The analog and digital grounds 
may be connected in other ways if required by the user's 
system grounding plan, however, the voltage differential 
between the Aqi\|q and DqnD P' ns must he held to 
within ±0.1V. 

Reference 

The TDC1112 has two reference inputs: REF+ and 
REF-. These are the inverting and noninverting inputs of 
the internal reference amplifier. An externally generated 
reference voltage is applied to the REF- pin. Current 
flows into the REF+ pin through an external current 
setting resistor (Rref)- This current is the reference 
current (Iref) which serves as an internal reference for 
the current source array. The output current for an input 
code N from 0UT+ is related to Iref through the 
following relationship: 

Iqut (Input Code N) = Nx — 
64 

This means that with an Iref that IS nominally 625/*A, 
the full scale output is 40mA, which will drive a 5012 
load in parallel with a 5012 transmission line (25ft load 
total) with a 1V peak-to-peak signal. The impedance 
seen by the REF- and REF+ pins should be approxi- 
mately equal so that the effect of amplifier input bias 
current is minimized. 
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Reference (cont.) 

The TDC1112 has been optimized to operate with a 
reference current of 625/A Significantly increasing or 
decreasing this current may degrade the performance of 
the device. The minimum and maximum values for Vr^p 
and Iref are listed in the Operating Conditions Table. 

The internal reference amplifier is externally compensated 
to assure stability. To compensate this amplifier, a 0.1 
capacitor should be connected between the COMP pin 
and VeeA- The amplifier has been optimized to minimize 
the TDC1112 settling time, and as a result should be 
considered a DC amplifier. Performance of the TDC1112 
operating in a multiplying D/A mode is not guaranteed. 

A typical interface circuit that includes a stable, 
adjustable reference circuit is shown in Figures 9a-c. 

Digital Inputs 

The data inputs are single-ended ECL compatible. The 
TDC1112 is specified with two sets of setup and hold 
times. One of these pairs of specifications guarantees the 
performance of the TDC1112 to specifications listed in 
the minimum and maximum columns of the System 
Performance Characteristics Table. The second more 
rigid specification is recommended for applications where 
lowest possible glitch and highest SFDR are desired. The 
more stringent t§ and tn insure that the data will not be 
slewing during times critical to the TDC1112, and will 
hence minimize the effects of capacitively coupled data 
feedthrough and optimize SFDR performance. Another 
method reducing the effect of capacitive coupling is to 
slow down the slew rates of the digital inputs. This has 
been done in the circuit shown in Figures 9a-c by the 
addition of 5012 series resistors to the data lines. 

Clock and Feedthrough Control 

The TDC 1112 requires an ECL clock signal (CONVert and 
CONVert). Even though complementary operation is 
preferred, a single-ended signal may be used if either 
unused CONV input is biased at a DC voltage midway 
between the active input's V|h and V||_ levels. 

Data is synchronously ente red on the rising edge of 
CONV (the falling edge of CONV). The CONV input is 
ignored in the Feedthrough (FT=HIGH) mode. 

The Feedthrough (FT) pin is normally held LOW, in which 
case the TDC1112 operates in a clocked mode (the 



output changes only after a clock rising edge). An 
internal pull-down resistor is provided, and this pin may 
be left open for clocked operation. For certain appli- 
cations, such as high-precision successive approximation 
A/D converters, speed may be more important then 
glitch performance. In these cases, the FT pin may be 
brought HIGH, which makes the input registers trans- 
parent. This allows the analog output to change 
immediately and asynchronous in response to the digital 
input, without the need for a clock. 

Since skew in the bits of the input word will result in 
glitches, and may affect settling time, it is recommended 
that the TDC1112 be operated in clocked mode for most 
applications. 

Analog Outputs 

Two simultaneous and complementary analog outputs are 
provided. Both of these outputs are full-power current 
sources. By loading the current source outputs with a 
resistive load, they may be used as voltage outputs. 
OUT+ provides a 0 to -40mA output current (0 to 
-1V when terminated in 2512) as the input code varies 
from 0000 0000 0000 to 1111 1111 1111. OUT- varies 
in a complementary manner from -40 to 0mA (-1 to 
0V when terminated with 2512) over the same code 
range. (See the Output Coding Table) The output 
current is proportional to the reference current and the 
input code. 

The recommended output termination is 2512. This can 
be provided by placing a 5012 source resistor between 
the output pin and ground, then driving a 5012 trans- 
mission line. With this load, the output voltage range of 
the converter is 0 to -1.0V. If a load is capacitively 
coupled to the TDC1112, it is recommended that a 2512 
load at DC, as seen by the TDC1112, continue to be 
maintained. The output voltage should be kept within the 
output compliance voltage range, Vqo as specified in 
the Electrical Characteristics Table, or the accuracy 
may be impaired. 

See Figure 9b for a suggested circuit for achieving a 
bipolar output voltage range. Optimum DC linearity is 
obtained by using a differential output either with a 
balun, or an operational amplifier in the differential 
mode. If it is desired that the TDC1112 be operated in a 
single ended fashion, the unused output should be 
connected directly to ground as is shown in Figure 9c. 
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Package Interconnections 



Signal 
Type 


^innal 
oiyiiai 

Name 


Function 


Value 


J 7, N7 Package Pins 


C3, R3 Package Pins 


Power 


V EEA 


Analog Supply Voltage 


-5.2V 


18 


1 


V EED 


Digital Supply Voltage 


-5.2V 


22 


5 


A GND 


Analog Ground 


0.0V 


5 


13 


D GND 


Digital Ground 


0.0V 


8 


17 


Reference 


ncr — 


Reference Voltage Input 


1 n\/ 
— i.uv 


1Q 


9 

L 


ncr + 


Reference Current Output 


U.DZDiTlH 


90 


O 
0 


pnyp 


Compensation Capacitor 


u. i jttr, oee i exi 


91 
L\ 


A 
f 


Data Input 


D, (MSB) 


Most Significant Bit Input 


ECL 


14 


24 


D 2 




ECL 


13 


23 






ECL 


12 


22 


D 4 




ECL 


11 


21 


°5 




ECL 


10 


20 


Dc 




ECL 


g 


19 


D 7 




ECL 


23 


6 


D 8 




ECL 


24 


7 


D 9 




ECL 


1 


8 


D 10 




ECL 


2 


9 


n 

D 11 






0 
0 


m 

IU 


D 12 (LSB) 


Least Significant Bit Input 


ECL 


4 


11 


Feedth rough 


FT 


Feedthrough Mode Control 


ECL 


17 


28 


Convert (Clock) 


CONV 


Convert (Clock) Input 


ECL 


16 


27 


CONV 


Convert (Clock) Input 


ECL 


15 


26 


Analog Output 


0UT+ 


Analog Output 


0 to -40mA 


6 


14 


OUT- 


Analog Output 


-40 to 0mA 


7 


15 
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Output Coding Table 1 



Input Data 
MSB 


Di.i? 
LSB 


0UT+ (mA) 


VniJT+ (mV) 


OUT- (mA) 


VniiT- ( mV ) 


0000 


0000 


0000 


0.000 


0.00 


40.000 


-1000.00 


0000 


0000 


0001 


0.009 


-0.24 


39.990 


-999.75 


0000 


0000 


0010 


0.019 


-0.49 


39.980 


-999.52 




• 




• 


• 


• 


• 




• 




• 


• 


• 


• 




• 




• 


• 


• 


• 


0111 


1111 


1111 


19.995 


-499.88 


20.005 


-500.12 


1000 


0000 


0000 


20.005 


-500.12 


19.995 


-499.88 




• 




• 


• 


• 


• 




• 




• 


• 


• 


• - 




• 




• 


• 


• 


• 


1111 


1111 


1101 


39.980 


-999.52 


0.019 


-0.49 


1111 


1111 


1110 


39.990 


-999.75 


0.009 


-0.24 


1111 


1111 


1111 


40.000 


-1000.00 


0.000 


0.00 



Note: 



1. l REF =625pA, R LQAD = 25fi. 



Figure 1. Timing Diagram 



INPUT DATA 

«>1-12> 




OUT- 
(PIN 7) 



f 

•of 


1 






1 LSB 
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Figure 2a. Equivalent Input Circuit (Data and FT) 



INPUT O 




Figure 2b. Equiva lent Input Circuit (CONV and 
CONV) 




21343A 



Figure 3. Equivalent Reference and Output Circuits 



CURRENT CURRENT 
SINK #1 SINK#N 

r " - - - - - 1 ^ r ** " " " " n Q out+ 

O OUT- 



REFERENCE REFERENCE 
AMPLIFIER CURRENT 



REF+ O 



REF- O 




COMP 



V EEA 



21345A 



Figure 4. Standard Test Load 

TEST LOAD: 



0UT + 
OUT- 



-►0TO-1V 



-L>L 



<5pF ^ 250 



Figure 5. CONV and CONV Switching Levels 



x 



V IDF 



V ICMMAX 



0.0V 

V ICM MIN 



-1.3V 
CONV 
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For More Information call 1-800-722-7074. 



Raytheon Semiconductor 



3-213 



TDC1112 



Absolute maximum ratings (beyond which the device may be damaged) 1 



Supply Voltages 

V EEA (measured to A GND ) • -7.0 to +0.5V 

V EEA (measured to V EE p) -50 to +50mV 

V EED (measured to D GND ) -7.0 to +0.5V 

A GND (measured to D GN p) -0.5 to +0.5V 

Inputs 

Applied voltage 

CONV, CONV, FT, D ] _ u (measured to D GND ) 2 V EED to +0.0V 

REF + , REF- (measured to A GND ) 2 v EEA t0 +o ov 

Applied current 

REF + , REF-, externally forced (measured to Aq^q) 34 ±3mA 

Digital inputs ±3mA 

Outputs 

Applied voltage 

0UT+, OUT- (measured to A GND ) 2 -2.0 to +2.0V 

Applied current 

OUT+, OUT-, externally forced (measured to A^q) 3 - 4 +50mA 

Short-circuit duration (single output to GND) Unlimited 

Temperature 

Operating, ambient (plastic package) -20 to +90°C 

(ceramic package) -60 to +150°C 

junction (plastic package) +140°C 

(ceramic package) +200°C 

Lead, soldering (10 seconds) +300°C 

Storage -65 to +150°C 



Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions is NOT implied. Device performance and reliability are guaranteed only if the Operating 
Conditions are not exceeded. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited- to specified range. 

4. Current is specified as conventional current flowing into the device. 
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Operating conditions 







Temperature Range 








Commercial 


Military 




Parameter 


Min 


Norn 


Max 


Min 


Norn 


Max 


Units 


F S 


Clock Frequency 


0 




50 


0 




50 


MHz 


Veea 


Analog Supply Voltage (measured to Aq^q) 


-4.9 


-5.2 


-5.5 


-4.9 


-5.2 


-5.5 


V 


Veea 


Analog Supply Voltage (measured to V^g) 1 


-20 


0.0 


+ 20 


-20 


0.0 


+ 20 


mV 


veed 


Digital Supply Voltage (measured to Dqnq) 


-4.9 


-5.2 


-5.5 


-4.9 


-5.2 


-5.5 


V 


V AGND 


Analog Ground Voltage (measured to Dq^q) 


-0.1 


0.0 


0.1 


-0.1 


0.0 


0.1 


V 


Vref 


Reference Voltage, REF — 


-0.7 


-1.0 


-1.3 


-0.7 


-1.0 


-1.3 


V 


'ref 


Reference Current, REF + 


0.550 


0.625 


0.700 


0.575 


0.625 


0.675 


mA 


c C 


Compensation Capacitor 


0.01 


0.1 




0.01 


0.1 






V|L 


Digital Input Voltage, Logic LOW 






-1.55 






-1.60 


V 


V| H 


Digital Input Voltage, Logic HIGH 


-1.05 






-1.00 






V 


tc 


Input Data Setup Time 


17 






18 






ns 


tc 


Input Data Setup Time 2 


24 






24 






ns 


*H 


Input Data Hold Time 


0 






0 






ns 


tu 


Input Data Hold Time 2 


4 






4 






ns 


tSF 


Setup Time, Data to FT 






7 






7 


ns 


*HF 


nolo 1 ime, uaia to r 1 






24 






24 


ns 


V ICM 


CONV Input Voltage, Common Mode Range 3 


-0.5 




-2.0 


-0.5 




-2.0 


V 


\/,_ _ 
V IDF 


POM\/ Inniit Vnltnno nifforontial 3 

L.UIMV inpui voiidge, uiiiereniidi ° 


0.4 




1.2 


0.4 




1.2 


V 


tpWL 


CONV Pulse Width LOW 
> 40Msps 


10.5 






10.5 






ns 




< 40Msps 


11 






11 






ns 


tpWL 


CONV Pulse Width LOW 2 


18 






18 






ns 


l PWH 


CONV Pulse Width HIGH 
> 40Msps 


8.0 






8.5 






ns 




<40Msps 


9.0 






9.0 






ns 


*PWH 


CONV Pulse Width HIGH 2 


11 






11 






ns 


t a 


Ambient Temperature, Still Air 


0 




70 








°C 




Case Temperature 








-55 




125 


°C 



Notes: 1. A common power supply, isolated simply with ferrite bead inductors, is recommended for and V^p. 
See the Typical Interface Circuits, Figures 9a-c. 

2. SFDR sensitive applications. 

3. See Figure 5., CONV, CONV Switching Levels. 
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Electrical characteristics within specified operating conditions 1 









Temperature Range 










Commercial 


Military 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


'EE 


Supply Current OeeA + i EED) 2 


V EEA =Max 3 




-180 




-195 


mA 






1 A = /U U 




-150 






nA 






T C = 125°C 








-145 


mA 


cref 


Reference Input Capacitance 


REF + , REF- 




15 




15 


pF 


C| 


Digital Input Capacitance 


ft rriMw rnM\/ 
1-12' ' uuivv 




15 




15 


nF 
Pl- 


"IL 


Digital Input Current, Logic LOW 


Vrm-May \/, — _ 1 QC\/ 

vppn — ivicJa, vi — — i.oov 


-10 


200 


-10 


250 




'IH 


Digital Input Current, Logic HIGH 


V EED = Max, V|= -0.8V 


-10 


200 


-10 


250 




'IC 


CONV Input Current 


V EED = Max, -1.85V<V|<-0.8V 




50 




50 




Ro 


Output Resistance 


OUT + , OUT- 


12 




12 




kOhms 


c 0 


Output Capacitance 


OUT +, OUT- 




45 




45 


pF 


Voc 


Output Compliance Voltage 


OUT + , OUT- 


-1.2 


+ 1.2 


-1.2 


+ 1.2 


V 


'0 


Full-Scale Output Current 


OUT +, OUT- 


40 




40 




mA 



Notes: 1 . Worst case over all data and control states. 



2. See the Typical Supply Current vs. Temperature graph (Figure 6) for typical values. 

3. Standard test load, Figure 4. 



Switching characteristics within specified operating conditions 



Parameter 


Test Conditions 


Temperature Range 


Units 


Commercial 


Military 


Min 


Typ 


Max 


Min 


Typ 


Max 


Fg Maximum Clock Rate 1 - 2 - 3 


V EEA , V EED = Min, FT = LOW 


50 






50 






Msps 


t DC Clock to Output Delay ^ 


V EEA , V EED = Min, FT=L0W 






20 






20 


ns 


t DD Data to Output Delay 2.4 


V EEA , V EED = Min, FT = HIGH 






25 






25 


ns 


t DF FT to Output Delay 2 


V EEA' V EED = Min 






30 






30 


ns 


tp| Output Risetime 3 


90% to 10% of FSR, FT = LOW 




2 


4 




2 


4 


ns 


tp Output Falltime 3 


10% to 90% of FSR, FT = LOW 




2 


4 




2 


4 


ns 


tg E j Output Voltage Settling Time 2 ' 5 - 6 


FT = LOW, Worst Case Full-Scale 
Voltage Transition on OUT- 
to 0.1% FS (4LSB or 10 Bits) 




12 


20 




13 




ns 


to 0.05% FS (2LSB) 




17 






14 




ns 


to 0.0188% FS (3/4 LSB) 




20 


30 




18 


35 


ns 


to 0.0125% FS (1/2 LSB) 




25 


35 




25 




ns 



Notes: 1 . F<- is limited only by tpyy|_, tpyy H , t$ and t^ requirements. 

2. See Figure 1 ., Timing Diagram. 

3. Clock Mode. 

4. Feedthrough Mode. 

5. Standard test load, Figure 4. 

6. See the Typical Output Voltage Settling Time vs. Settling Accuracy curve. 
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System performance characteristics within specified operating conditions 



Parameter 


Tact f*nnfii+inno 

1 col oOllllllltJIla 


Temperature Range 


Unite 
U II lib 


Commercial 


Military 


Min 


Typ 


Max 


Min 


Typ 


Max 


E|_j Linearity Error, Integral 
(Terminal Based) 


Note 1, 
TDC1112 






±0.096 






±0.096 


% 


TDC1112-1 






±0.048 






±0.048 


% 


TDC1112-2 






±0.048 






±0.048 


% 


TDC1 1 12 — ? 

1 UVj MIA vJ 






±0.024 






±0.024 


% 


E|_q Linearity Error, Differential 


Note 1 

TDC1112 






±0.096 






±0.096 


% 


Tnn 119 — 1 

1 Uu lilt. 1 






±0.048 






±0.048 


% 


Trim 119—? 






±0.024 






±0.024 


% 


TDC1112-3 






±0.012 






+ 0.012 


% 


SFDR SnuriniK — Frpp Dvnamir Rannp 2 

III Uli W|JUI IUUO 1 ICC L/yilullllU llull^C 


F mjT = 12MHz 


55 


67 






67 




dB 


F OUT =10MHz 




68 




54 


68 




dB 


40Msps, 

F 0UT =16MHz 




63 






63 




dB 


F 0UT = 5MHz 




70 






70 




dB 


Frtl IT — 1MH7 

r 0UT _ ,lvmz 




72 






72 




dB 


Eq Absolute Gain Error 


Note 3 




±1 


±5 




±1 


±5 


% 


i udin crrur i uiupuraiuru oumiiuioiii 


Note 3 




±30 






±30 




ppm/°C 


IqF Output Offset Current 


Note 4 




±0.1 


±5 




±0.1 


±5 


/*A 


TCqp Offset Temperature Coefficient 


Note 5 




±2 






±2 




..\//op 


W« ft RFF-i- tn RFF— flffcot X/nltano 
OS ntrT IU ntr — Ullocl VUllaytJ 






±1.5 


±10 




±1.5 


±10 


mV 


lg REF- Input Bias Current 








5 






10 


^A 


PSRR Power Supply Rejection Ratio 


Note 6 






-50 






-48 


dB 


PSS Power Supply Sensitivity 


Note 7 






-140 






-140 




DP Differential Phase 


Note 8 




0.2 










Degree 


DG Differential Gain 


Note 8 




0.3 










% 


G A Peak Glitch Area 9 


FT = LOW 




20 


35 




20 


45 


pV-sec 



Notes: 1 . OUT-connected to Aqnd, OUT+driving virtual ground. 

2 Circuit as shown in Figure 9a., lREF=Nom. 

3. Veed. Veea. V R EF=Nom. 

4. Veea. V E ED=Min. D1-1 2=LOW. 

5. V E EA. V E ED=Ma*. D1-1 2=LOW. 

6. 1 20 Hz, 0.6Vp-p ripple on Veea and Veed- dB relative to 0.6Vp-p ripple input Veea. Veed. lREF=Nom. 

7. Veea. V E ed=±4%, lREF=Nom. 

8. Fs=4xNTSC Subcarrier. 

9. Worst case 1 LSB transition 
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Typical Performance Curves (Typical Settling Time Characteristics) 

A. Full-Scale Output Transition, Rising Edge B. Settling Time, Full-Scale Output Rising Edge 




i i 1 i i i 



Output Load: RL = 25Q 
CL < 5pF 
Temp: Ambient 
Supply Voltages: Nominal 



For Settling Time Detail, See Plot f 



I I .! I I I. I I 1 I I I 1 . I I .. I I I I I ! 1 I I ! I I ... I I I 



-0.002 



1 1 1 " 1 1 ' 



■ I " "I ' 



"I" "I""!' 
Conditions 



Output Load: RL = 25 Q 
CL < 5pF 
Temp: Ambient 
Supply Voltages: Nominal 



. 1 ..,.).,,, 1 .... I . 



, 1 . . , , I , , , , I , 



C. Full-Scale Output Transition, Falling Edge 



1 1 1 ' 1 ' i ■ 1 1 ■ i 1 ' ■ 1 1 1 1 ' 1 1 1 ■ 1 ■ i 1 1 ■ ' i 1 1 1 1 1 ■ 

Conditions 



Output Load: RL = 25 Q 
CL < 5pF 
Temp: Ambient 
Supply Voltages: Nominal 




For Settling Time Detail, See Plot D 



1 . , . . I , . . . I . . . . I . . . , I . 



I,,,, ! 



D. Settling Time, Full-Scale Output, Falling Edge 







'1 ' 


"I""!""!""!""!""!""!""- 
Conditions 








Output Load: RL = 25 Q ~ 








CL < 5pF 








Temp: Ambient _ 








+1/2 LSB Supply Voltages: Nominal 








lL - 






- 






. i . 


. . 1 . . , , 1 . . , , 1 , , . . 1 . , , . 1 . . , , 1 . . . . 1 . . . . ; 


0ns 


— tSET — 


200ns 



E. Typical Settling Time vs. Settling Accuracy 



tO.1 
t0.05 
tO.C24 



t0.012 
t0.010 





Conditions 




Output Load: R[_ = 25Q 




Cl < 5pF 




Temp: Ambient 




Supply Voltages: Nominal 


I 


I I I ^ 



10 15 20 25 

FULL - SCALE SETTLING TIME (ns) 



30 

21 348.1 A 
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Figure 6. Typical Supply Current vs. Temperature 




TEMPERATURE °C 21349A 



Figure 7. Typical Output Spectrum, 40MSPS, 13.336MHz FquT 

MKR -8 . 10 kHz 

REF 2.5 dBm ATTEN 40 dB -64.20 dB 
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CENTER 13.33300 MHz SPAN 50.00 kHz 

RES BW 100 Hz VBW 100 Hz SWP 10 sec 
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Figure 8. Typical Output Spectrum, 40Msps, 5 MHz Fqut 

REF 2.5 dBm ATTEN 30 dB 



10 dB/ 



MKR 9.88 MHz 
-71 . 10 dB 
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START 0 Hz 

RES BW 



VBW 1 kHz 



STOP 20.00 MHz 
SWP 50 sec 



Application Discussion 

Direct Digital Synthesis Applications 

For most synthesis applications, optimum signal purity is 
obtained with the use of a balun (a simple RF trans- 
former made by wrapping a few turns of wire around a 
ferrite core) as shown in Figure 9a. This configuration 
has the benefit of cancelling common mode distortion. 

An output amplifier is not recommended because any 
amplifier will add extra distortion of its own, which is 
likely to be much greater than that present from the 
direct outputs of the TDC1112. 

The strict adherence to at least the minimum input data 
setup and hold times is important for the realization of 
the optimal performance. Spur levels may decrease as 
setup and hold times are increased. It is possible to 
achieve even higher performance in some instances by 
carefully "tuning" the input data setup and hold times 
(slightly delaying or advancing the CONV signal in 
relation to the data) fed to the TDC1112. The Operating 
Conditions Table has two sets of data for t§ and t|-|, 



one which guarantees performance of the device in 
most applications, and one, more conservative specifi- 
cation which has been found to be optimal for DDS 
applications. 

The actual digital-data waveform which represents a sine 
wave contains strong harmonics of that sinewave. This 
can be seen by connecting a digital data line to the 
input of an analog spectrum analyzer. Therefore, data 
feedthrough to the analog output of a system due to 
improper board layout or system shielding and grounding 
will appear as additional harmonic distortion, adversely 
affecting SFDR. 

Harmonic distortion may improve even further with 
reduced AC termination impedance values, at the 
expense of lowered output voltage. 

The purity of the output of the TDC1112 is greater than 
that which can be measured by many spectrum analyzers. 
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Direct Digital Synthesis Applications (cont.) 

The spectral plots shown in Figures 7 and 8 were 
generated with an HP8568B, which has a noise floor 
barely below that of the TDC1112, once the TDC1112 
performance has been optimized. When making spectral 
measurements it is important to remember that the 
TDC1112 output power is +4dBm, which is greater 
power than many analyzers are equipped to handle 
without adding distortion of their own. Accordingly, it 
may be necessary to introduce an attenuator to the 
input of the spectrum analyzer to see the true DAC 
performance. 



The CONV signal provided to the TDC1112 must be as 
free from clock jitter as possible. Clock jitter is the 
random cycle-to-cycle variation in clock period. CONV 
clock jitter will effectively appear at the output as phase 
noise. A value of 10ps or less for clock jitter is recom- 
mended for the highest performance applications. 
Ordinary crystal oscillators are satisfactory. High- 
performance synthesizers, such as the HP8662, used 
to trigger a precision pulse generator, are also 
satisfactory, although not as jitter free as a crystal 
oscillator. 



Figure 9a. Typical Interface Circuit with Balun Output 
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Figure 9b. Typical Interface Circuit with Bipolar, Differential Mode Operational Amplifier Output 
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Figure 9c. Typical Interface Circuit with Resistive Load Output 
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Ordering Information 



Product 1 
Number 


Temperature Range 


Screening 


Package 


Package 1 
Marking 


TDC1 1 12J7CX 
TDC1 1 12J7VX 


STD-T A =0°C to 70°C 
EXT-T C =-55°C to 125°C 


Commercial 
MIL-STD-883 


24 Pin Hermetic Ceramic DIP 
24 Pin Hermetic Ceramic DIP 


1112J7C-X 
1 1 1 2 J7V-X 


TDC1 1 12N7CX 


STD-T A =0°C to 70°C 


Commercial 


24 Pin Plastic DIP 


1112N7C-X 


TDC1112C3VX 


EXT-T C =-55°C to 125°C 


MIL-STD-883 


28 Contact Chip Carrier 


1112C3V-X 


TDC1 1 12R3CX 


STD-T A =0°C to 70°C 


Commercial 


28 Leaded Plastic Chip Carrier 


1112R3C-X 



Note: 1. The "X" in the product designation denotes the linearity grade, guaranteed over the operating temperature range, per the following table: 



Linearity Grade (X) 


None 


1 


2 


3 


E|_q Linearity Error, Differential 


±0.096% (4 LSB) 


±0.048% (2 LSB) 


±0.024% (1 LSB) 


±0.012% (1/2 LSB) 


Eli Linearity Error, Integral 


±0.096% (4 LSB) 


±0.048% (2 LSB) 


±0.048% (2 LSB) 


±0.024% (1 LSB) 



Not every grade is available in every package/screening/temperature range combination. Consult factory for availability. 
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TDC1141 

Monolithic Digital-to-Analog Converter 

10-Bit, 50 Msps, 12 ns Settling Time 



Description 

The TDC1141 is a ECL compatible, 10-bit monolithic 
D/A converter capable of converting digital data into an 
analog current or voltage at data rates in excess of 50 
Megasamples-per second (Msps). 

The analog circuitry has been optimized for dynamic 
performance, with very low glitch energy. The output is 
able to drive a 50O load with 1 Volt output levels while 
maintaining large spurious-free-dynamic range. 

Data registers are incorporated on the TDC1141. This 
eliminates data skew encountered with external 
registers and latches and minimizes the glitches that 
can adversely affect many applications. 



Features 

♦ 10-bit resolution 

♦ 50 Msps data rate 

♦ ECL inputs 

♦ Very low-glitch with no track and hold circuit needed 

♦ Dual +4 dBm (1 V into 50Q) outputs make output 
amplifiers unnecessary in many application 



Applications 

♦ Direct digital RF signal generation 

♦ Test signal generation 

♦ Arbitrary waveform synthesis 

♦ Broadcast and studio video 

♦ High-resolution A/D converters 



Interface Diagram 



1 1 1 
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Functional Block Diagram 




LSB CURRENT SWITCHES 21 591 A 



Pin Assignments 



Functional Description 



CM CO « IA (O 



Z Q O Q i 

iS s s a K a 52 



CONV 26 [ 
CONV 27 [ 
FT 28 [ 




to r». co o> o 1— 

j h- oo o> oo O 
jQ Q O Z 



]18 NC 

3 17 D GND 

]16 NC 

3 15 OUT- 

] 14 0UT+ 

3 13 A GND 

]12 NC 



28 Leaded Plastic Chip Carrier - R3 



General Description 

The TDC1 141 consists of f ive major circuit sections: the 
LSB data register, the MSB decode block, the decoded 
MSB register, the current switch array, and the reference 
amplifier. All data bits are registered just before the 
current switches to minimize the temporal skew that would 
generate glitches. 

Power and Grounds 

The TDC1141 requires a single -5.2V power supply. This 
supply is divided into analog (Veea) an d digital (Veed) 
supply pins which should be decoupled from each other. 
An example of this decoupling is shown in the Typical 
Interface Circuit The 0.1 \f decoupling capacitors should 
be placed as close as possible to the power pins. The 
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inductors are simple ferrite beads and are neither critical in 
value nor always required. 

Reference and Compensation 

The TDC1 141 has two reference inputs: REF+ and REF— 
These are the inverting and noninverting inputs of the 
internal reference amplifier. An externally generated 
reference voltage is applied to the REF- pin. Current flows 
into the REF+ pin through an external current setting 
resistor (Rref)- This current is the reference current (Iref) 
which serves as an internal reference for the current 
source array. The output current for an input code N from 
OUT+ is related to Iref through the following relationship: 

|QU7 = Nx ]REF 
16 

Where N is the input code to the D/A converter 

This means that with an Iref "that is nominally 625jjA, the 
full-scale output is 40mA, which will drive a 50Q load in 
parallel with a 50Q transmission line (25Q load total) with 
a 1 V peak to peak signal. The impedance seen by the REF— 
and REF+ pins should be approximately equal so that the 
effect of amplifier input bias current is minimized. 

The internal reference amplifier is externally compensated 
to ensure stability. A 0.1 joF capacitor should be connected 
between the COMP pin and VeeA- 

Digital Inputs 

All digital inputs including the FT, CONV and Data Inputs 
are compatible with ECL logic. Input registers are provided 
on the data input lines to minimize the effect of glitching 
caused by data skew. 

Clock and Feedthrough Control 

The TDC1 1 41 require s a differential ECL clock signal 
(CONVert and CONVert). Even though complementary 
operation is preferred, a single-ended signal may be used 
if either unused CONV input is biased at a DC voltage 
midway between the active input's V|H and V||_ levels. 



Data is synchronou sly ent ered on the rising edge of CONV 
(the falling edge of CONV). The CONV input is ignored in 
the Feedthrough (FT = HIGH) mode. 

The Feedthrough (FT) pin is normally held LOW, in which 
case the TDC1141 operates in a clocked mode (the output 
changes only after a clock rising edge). An internal pull- 
down resistor is provided, and this pin may be left open for 
clocked operation. For certain applications, such as high- 
precision successive approximation A/D converters, output 
delay may be more important than glitch performance. In 
these cases, the FT pin may be brought HIGH, which makes 
the input registers transparent. This allows the analog 
output to change immediately and asynchronously in 
response to the digital input, without the need for a clock. 

Analog Outputs 

Two simultaneous and complementary analog outputs are 
provided. Both of these outputs are full-power current 
sources. By loading the current source outputs with a 
resistive load, they may be used as voltage outputs. 
0UT+ provides a 0 to -40mA output current (0 to -1 V 
when terminated in 25Q) as the input code varies from 
00 0000 0000 to 11 1111 1111. OUT- varies in a 
complementary manner from -40 to 0mA (-1 to 0V when 
terminated with 25Q) over the same code range. (See the 
Input Coding Table.) The output current is proportional to 
the reference current and the input code. 

No Connect 

These pins have no internal connection and should be left 
open for optimal performance. 



For More Information call 1-800-722-7074. 



Raytheon Semiconductor 



3-227 



TDC1141 



Package Interconnections 



Input 



Signal 
Type 


Signal 
Name 


Function 


Value 


R3 Package 
Pins 


Power 


agnd 


Analog Ground 


o.ov 


13 


dgnd 


Digital Ground 


o.ov 


17 


veea 


Analog Supply Voltage 


-5.2V 


1 


veed 


Digital Supply Voltage 


-5.2V 


5 


Reference 


REF- 


Reference Voltage Input 


-1.0V 


2 


REF+ 


Reference Current Input 


625uA 


3 


COMP 


Compensation Capacitor 


0.1 uf, see text 


4 


Data Inputs 


U] (Mob) 


Most Significant Bit 


CPI 

tLL 


24 






ECL 


23 


D3 




ECL 


22 


D 4 




ECL 


21 


D5 




ECL 


20 


D6 




ECL 


19 


u 7 




ECL 


5 


Ds 




ECL 


7 


Dg 




ECL 


8 


Dio(LSB) 


Least Significant Bit 


ECL 


9 


Feedthrough 


FT 


Feedthrough Mode control 


ECL 


28 


Convert 


CONV 


Convert (Clock) Input 


ECL 


27 


CONV 


Convert Complement 


ECL 


26 


Analog Output 


OUT+ 


Analog Output 


0 to 40mA 


14 


OUT- 


Analog Output 


40 to 0mA 


15 


No Connect 


NC 


No Internal Connection 


Open 


10,11,12,16,18,25 


)ding Tabled 


Input Data 


OUT+(mA) 


V 0 UT+(mV) 


OUT-(mA) 


VoUT-(mV) 


MSB LSB 


000000 0000 


0.000 


0.00 


40.000 


-1000.00 


000000 0001 


0.039 


-0.97 


39.961 


-998.05 


000000 0010 


0.078 


-1.95 


39.922 


-998.05 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


0111 1111 11 


19.961 


-499.03 


20.000 


-500.00 


1000 0000 00 


20.000 


-500.00 


19.961 


-499.03 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


1111 111101 


39.922 


-998.05 


0.078 


-1.95 


1111 1111 10 


39.961 


-999.03 


0.039 


-0.97 


1111 1111 11 


40.000 


-1000.00 


0.000 


0.0 



Note: 1. Iref = 625uA, Rl0AD = 25Q 



3-228 



Raytheon Semiconductor 



For More Information call 1-800-722-7074. 



TDC1141 



Figure 1. Timing Diagram 



INPUT 

(D M2 ) 



CONV 



OUT- 




LET 



*SET 



Figure 2. Equivalent Input Circuit (Data and FT) 



INPUT O- 



100 



MOK 




Figure 3. Equivalent Input Circuit (CONV and CONV) 




Figure 4. Equivalent Reference and Output Circuits 
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Figure 5. Standard Test Load 



TEST LOAD: 

OUT + ^ 
OUT- 



<5pF 



-► 0TO-1V 



► 25Q 



Figure 6. CONV and CONV Switching Levels 



T 

V|DF 



0.0V 

\ V ICM MIN 

— <\ 

-1^ -X 1.3V 

\ X y-/ CONV 





Absolute maximum ratings (beyond which the device may be damaged)' 1 



Supply Voltages 

Veea (Measured to Aqnd) -7 -0 to +0.5V 

Veea (Measured to Veed) -50 to +50mV 

Veed (Measured to Dqnd) -7 -0 to +0.5V 

A6ND (Measured to Dqnd) • -°- 5 to +0.5V 

Inputs 

CONV, CONV, FT, D1-12 (Measured to Dqnd) 2 Veed to +0.5V 

REF+, REF-, Applied Voltage 

(Measured to Aqnd) 2 Veea to +0.5V 

REF+, REF-, Current, Externally Forced3,4 ±3mA 

Outputs 

0UT+, OUT- Applied Voltage 

(Measured to Aqnd) 2 -2.0 to +2.0V 

0UT+, OUT- Current, Externally Forced3,4 +50mA 

Short-Circuit Duration (Single Output to GND) unlimited 

Temperature 

Operating, ambient 

(Plastic Package) -20 to +90°C 

(Ceramic Package) -60to+150°C 

Junction 

(Plastic Package) +140°C 

(Ceramic Package) +200°C 

Lead, Soldering (10 Seconds) +300°C 

Storage -65to+150°C 

Notes: 1 . Absolute maximum ratings are limiting values applied individually while other parameters are within specified operating conditions. Functional 
operation under any of these conditions is NOT implied. Device performance and reliability are guaranteed only if the Operating Conditions are 
not exceeded. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 
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Operating conditions 



Parameter 


Temperature Range 


Units 


Standard 


Min 


Nom 


Max 


Fs Clock Frequency 


0 




50 


Msps 


VEED Negative Supply Voltage (Measured to Dqnd) 


-4.9 


-5.2 


-5.5 


V 


Veea Negative Supply Voltage (Measured to Aqnd) 


-4.9 


-5.2 


-5.5 


V 


VAGND Analog Ground Voltage (Measured to Dqnq) 


-0.1 


0.0 


0.1 


v 


Veea Negative Supply Voltage (Measured to Veed) 1 


-20 


0 


20 


mV 


tpwL CONV Pulse Width LOW (Fs>40 Msps) 


10.5 






ns 


CONV Pulse Width LOW (Fs<40 Msps) 


11 






ns 


tpWH CONV Pulse Width HIGH (Fs>40 Msps) 


8 






ns 


CONV Pulse Width HIGH (Fs<40 Msps) 


9 






ns 


t$ Setup Time, Data to CONV 


17 






ns 


tH Hold Time 


0 






ns 


tSF Setup Time, Data to FT 


7 






ns 


tHF Hold Time, Data to FT 


24 






ns 


V||_ Input Voltage, Logic LOW 






-1.55 


V 


V|H Input Voltage, Logic HIGH 


-1.05 






V 


VREF Reference Voltage (REF-) 


-0.7 


-1.0 


-1.3 


V 


IrEF Reference Current (REF+) 


400 


625 


700 


uA 


Cc Compensation Capacitor 


0.01 


0.1 




uF 


Ta Ambient Temperature, Still Air 


0 




70 


°C 



Note: 1 . A common power supply isolated with ferrite bead inductors is recommended for Veea and VeeD- This is shown in the Typical Interface Circuits. 



Electrical characteristics within specified operating conditions 







Temperature Range 








Standard 




Parameter 


Test Conditions 


Min 


Max 


Units 


lEEA+hEED 


v EEA=VEED=Max,static T A=0 to 70°C 




-180 


mA 




Ta=70°C 




-150 


mA 


Cref Reference Input Capacitance 






15 


PF 


C| Digital Input Capacitance 






15 


PF 


VfjC Compliance Voltage 




-1.2 


1.2 


V 


Rfj Output Resistance 




12 




kQ 


Co Output Capacitance 






45 


PF 


Ifj Full-Scale Output Current 


lREF=625|aA 


40 




mA 


1 1 1_ Input Current, Logic LOW 


VEE=Max,V|=0.4V 


-10 


200 


MA 


1 1 h Input Current, Logic HIGH 


VEE=Max,V|=2.4V 


-10 


200 
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Switching characteristics 







Temperature Range 








Standard 




Parameter 


Test Conditions 


Min 


Typ 


Max 


Units 


toe Clock to Output Delay 


VEEA,VEED=Min f FT=L0W 






20 


ns 


tQD Data to Output Delay 


VEEA, VEED=Min, FT=HIGH 






25 


ns 


tQF F to Output Delay 


VEEA, VEED=Min 






30 


ns 


tR Risetimel 


90% to 10% of FSR, 
FT=L0W 




2 


4 


ns 


tp Falltime 1 


10% to 90% of FSR, 
FT=L0W 




2 


4 


ns 


tSET Settling Time, Voltage 


FT=L0W, Full-Scale 
Voltage transition 
on iQUTto 0.1% FSR 




12 


20 


ns 



Note: 1 . Clocked Mode 



System performance characteristics 









Temperature Range 










Standard 




Parameter 


Test Conditions 


Min 


Typ 


Max 


Units 


eld 


Differential Linearity Error 


VEEA.VEEDJREF = Nom1 
TDC1141 






±0.1 


% 






TDC1141-1 






±0.05 


% 


eli 


Integral Linearity Error 


VEEA,VEEDJREF = Nom1 
TDC1141 






±0.1 


% 






TDC1141-1 






±0.05 


% 


vos 


REF+ to REF- Offset Voltage 




-10 




+10 


mV 




REF- Input Bias Current 






5 


MA 




eg 


Absolute Gain Error 


VEERED, lREF = Nom 


-5 




5 


% 


iof 


Output Offset Current 


VEEA, VEED= Max, Dm 2 = LOW 






±40 


MA 


PSRR 


Power Supply Rejection Ratio 


VEEA' VEED' 'REF = Nom2 






-50 


dB 


PSS 


Power Supply Sensitivity 


VEEAr VEED = ±4%, IREF = Nom 






-140 


ma/v 


GA 


Peak Glitch Area 








40 


pV- sec 



Notes: 1 . OUT-connected to Aqnd, OUT+driving virtual ground. 
2 1 20 Hz, 600 mVp-p ripple on Vee and V<x- 
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Typical Performance Curves (Typical Settling Time Charactersitics) 

A. Full-Scale Output Transition, Rising Edge B. Full-Scale Output Transition, Falling Edge 



.0007 



-1.0060 L- 
0ns 



Miiji ii i| iiii | iiii | ii i 

Conditions 

Output Load: RL = 25i> 
CL < 5pF 
Temp: Ambient 
Supply Voltages: Nominal 



■ 1 1 ■■ ■ 1 ■ ■ ■ ■ 1 ■ ■ ■ ■ 1 ■ ■ ■ ■ 1 * 



ImiiIi 



TIME (ns) 



200ns 

21596A 



-.0004 



-1.0368 b 



■ 1 1 1 1 1 1 1 



1 ' 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
Conditions 



Output Load: RL = 25Q 
CL<5pF 
Temp: Ambient 
Supply Voltages: Nominal 



0ns 



TIME (ns) 



200ns 

21597A 
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Applications Information 

There are three major D/A architectures: segmented, 
weighted current sources, and R-2R. In segmentated 
D/A converters there is one current source for each 
possible output level. The current sources are equally 
weighted and for an input code of N, N current sources 
are turned on. An N bit segmented D/A has 2^ current 
sources. A weighted current source D/A has one current 
source for each bit of input with a binary weighting for the 
current sources. In an R-2R D/A, there is one current 
source per bit, and a resistor network which scales the 
current sources to have a binary weighting. 

When transitioning from a code of 01 1 1 1 1 1 1 1 1 to 
1000000000, both the R-2R D/A and Binary weighted 
D/A are turning some current sources on while turning 
others off. If the timing is not perfect, there is a moment 
where all current sources are either on or off, resulting in 
a glitch. In a segmented architecture, 51 1 of the current 
sources remain on, and one more is turned on to increment 
the output with no possibility of a glitch. 

The TDC1 141 uses a hybrid architecture with the 6 MSBs 
segmented, and the 4 LSBs from a R-2R network. The 
result is a converter which has very low glitch energy, and 
a moderate die size. 

Layout Power and Grounding 

The layout of grounds in any system is an important 
design consideration. Separate analog and digital grounds 
are provided on the TDC1141. All ground pins should be 
connected to a common low-noise, low-impedance 
groundplane. This groundplane should be common for the 
TDC1 141 and all of its immediate interface circuitry, which 
includes all of the reference circuitry, the output load 
circuitry, and all of the power supply decoupling 
components. 

The digital driving logic should use a separate system 
ground, and this ground should be connected (typically 
through a ferrite bead inductor) to the analog groundplane 
in only one place. The analog and digital grounds may 
be connected in other ways if required by the user's 
system grounding plan, however, the voltage differential 
between the AqnD ar| d DGND P |ns must be held to within 
±0.1 Volt. 



Output Termination 

The recommended output termination is 25Q. This can be 
provided by placing a 50Q source resistor between the 
output pin and ground, then driving a 50Q transmission 
line. With this load, the output voltage range of the 
converter is 0 to -1 .0V. If a load is capacitively coupled to 
the TDC1 1 41 , it is recommended that a 25Q load at DC, as 
seen by the TDC1 141 , continue to be maintained. The 
output voltage should be kept within the output compliance 
voltage range, Vfjc, as specified in the Electrical 
Characteristics Table, or the accuracy may be impaired. 

See Figure #for a suggested circuit for achieving a bipolar 
output voltage range. Optimum DC linearity is obtained by 
using a differential output either with a balun, or an 
operational amplifier in the differential mode. If it is 
desired that the TDC1 141 be operated in a single ended 
fashion, the unused output should be connected directly to 
ground as is shown in Figure 9. The CONV signal provided 
to the TDC1 141 must be as free from clock jitter as 
possible. Clock jitter is the random cycle-to-cycle variation 
in clock period. CONV clock jitter will effectively appear at 
the output as phase noise. A value of 1 0ps or less for clock 
jitter is recommended for the highest performance 
applications. Ordinary crystal oscillators are satisfactory. 
High-performance synthesizers, such as the HP8662, used 
to trigger a precision pulse generator, are also satisfactory, 
although not as jitter free as a crystal oscillator. 

Driving a 75Q Transmission line 

The TDC1 141 has been optimized to operate with a 
reference current of 625jjA. Significantly increasing or 
decreasing this current may degrade the performance of 
the device. If it is desired that the device drive a 37. 5Q 
load (75Q source termination driving 75Q transmission 
line) rather than the 25Q suggested load, then Vref should 
be held at 1V and Iref reduced to 417jjA. This will result in 
a 1 V p-p voltage being generated at the DAC output. 
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Figure 7. Typical Interface Circuit with Balun Output 



TDC1141 



LEGEND 



LM313H 



SYMBOL 


CIRCUIT 


-& 


^510 




■5.2V 


10H176 





"1 




«1 


>- 


°2 




Q 2 




D 3 




°3 


>— 


"4 




°4 


>— 


D 5 


CLK 


°5 


>— 


D e 


-A 


°6 



10H176 



>— 




"1 




d 2 


Q 2 


>— 


D 3 


<>3 




D 4 


0 4 



CLK 

± 



12x50 OHM 
-&AW— H °1 (MSB) 

-a-vvv— ► D 2 



-0-VW-* 
-B-AVv— ► 



-&-WV— * 
-B-VW-+ 



-H-A/vV— ► 
-B-AW— ► 




For More Information call 1-800-722-7074. 



Raytheon Semiconductor 



3-235 



TDC1141 



Figure 8. Typical Interface Circuit with Bipolar, Differential Mode Operational Amplifier Output 
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Figure 9. Typical Interface Circuit with Resistive Load Output 
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Ordering Information 



Product Number 


Temperature Range 


Screening 


Package 


Package Marking 


TDC1141R3C 


TA=0°Cto 70°C 


Commercial 


Plastic Chip Carrier 


1141R3C 


TDC1141R3C1 


Ta=0°C to 70°C 


Commercial 


Plastic Chip Carrier 


1141R3C-1 
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TDC3310 

Video D/A Converter 10-Bit, 40 Msps 



Description 

The TDC3310 is a very high-speed 10-bit D/A 
converter especially suited for low-cost video 
applications. The TDC3310 offers 10-bit resolu- 
tion, TTL-compatible inputs, and requires only a 
single +5 volt power supply. It has a single-ended 
voltage output, SYNC and BLANKing control 
inputs and an INVERT input that reverses video 
levels without altering either SYNC or BLANKing. 

Operating at data rates up to 40 Msps, the 
TDC3310 is ideal for reconstructing composite 
NTSC, PAL and RS-343A video waveforms. Data 
is decoded and registered ahead of the current 
switch array, resulting in outstanding low-glitch 
characteristics. 

The TDC3310 is available in a 32-lead plastic J- 
Leaded PLCC and 28-pin plastic packages and is 
guaranteed from 0°C to 70°C. 



Features 

♦ 10-Bit resolution 

♦ Single +5 volt power supply operation 

♦ DC to 40 Msps, guaranteed 

♦ ±1.0 LSB linearity error 

♦ TTL-compatible inputs 

♦ 1 Vp-p video output 

♦ Sync and Blank controls 

♦ Video invert control 

♦ Very low glitch energy 

♦ Very low cost 

Applications 

♦ Reconstruction of com posite video 

♦ High-resolution video 

♦ Low-cost video systems 

♦ Set-top RF converter boxes 

♦ Satellite receivers 

♦ Direct digital synthesis 

♦ Multimedia 



V C CA 




CURRENT SWITCH ARRAY (23) 



V CCA 



-*v 0UT 



Figure 1. Block Diagram 
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Connection Information 



NC 


l[ 




]28 D 10 (LSB) 


NC 


2[ 




]27 D g 


BLANK 


3[ 




]26 D 8 


SYNC 


*l 




]25 D 7 


INVERT 


«[ 




]24 D 6 


Vref 


6[ 




]23 D 5 


COMP 


7[ 




]22 D 4 


"out 


»[ 




]21 D 3 


A GND 


9[ 




]20 D 2 


VCCA 


" [ 




]19 Dj (MSB) 


NC 


11 [ 




] 18 CONV 


D 6ND 


12 C 




] 17 V CCD 


NC 


" [ 




] 16 NC 


NC 


" [ 




3 « D GND 



IO ID « n N 



mrn-ini-ir-immm 




UUUUUUUUU 



CCD 
GND 



GND 



28-Pin Plastic DIP — N6 Package 



32-Lead Plastic J-Leaded Chip Carrier — R6 Package 



Ordering Information 



Product 


Linearity Error 


Temperature 






Package 


Number 


(LSB) 


Range 


Screening 


Package 


Marking 


TDC331N6C 


±1.0 


T A = 0°Cto70°C 


Commercial 


28-pin Plastic DIP 


3310N6C 


TDC3310R6C 


±1.0 


T A = 0°Cto 70°C 


Commercial 


32-Lead J-Lead PLCC 


3310R6C 


TMC1175E1C 


30 


T A = 0°Cto70°C 


Commercial 


Eurocard PC Board 


TMC1175E1C 



Functional Description 

The TDC3310 consists of five major circuit sec- 
tions: the data and control registers, the MSB 
decode block, the MSB current switch array, the 
binary weighted LSB array and the reference 
amplifier. All inputs are registered just before the 
current switch array to minimize the temporal 
skew that generates glitches. 

The TDC3310 uses an architectures that combines 
segmentation and binary weighted techniques. 
With the four MSBs segmented into 15 equal-value 
current switches, and the six LSBs using binary 
weighting, an optimal trade-off between glitch 
performance and die size (cost to the user) is 
made. The result is a very low cost, high perfor- 



mance D/A converter. 
Power and Ground 

The TDC3310 requires a single +5.0 volt power 
supply. The analog (Vqca) and digital (VrjCD) 
power supply voltages should be separately 
decoupled, as shown in the Typical Interface 
Circuits, to reduce power supply induced noise. 
0.1 jxF decoupling capacitors should be placed as 
close as possible to the TDC3310 power pins. 
Ferrite beads are neither critical in value nor 
always required. 

The high slew rate of digital data make capacitive 
coupling to the outputs of any D/A converter a 
potential problem. Since the digital signals con- 
tain high frequency harmonics of the CON\A 
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signal, as well as the video output signal, the 
result of data feedthrough often looks like har- 
monic distortion or reduced signal-to-noise 
performance Separate analog and digital grounds 
are provided on the TDC3310, but all ground pins 
should be connected to a common solid ground 
plane for best performance. 



The TDC3310 is designed to operate with a volt- 
age reference referred to Vqca (a 1 V difference 
between Vref and Vqca)- The TDC3310 uses this 
voltage differential to generate an internal refer- 
ence current for the current switch array. Since 
the DC voltage provided to Vref mL, st be referred 
to Vqca (and not Aqnd)/ the output voltage of the 
D/A converter is referred to Vqca (and not to 
Agnd)- This allows the gain of the TDC3310 to be 
immune from variations of Vqca- Vref should be 
decoupled to Vqca- 

The internal reference amplifier has a high- 
impedance input and is externally frequency- 
compensated to ensure stability. A 0.1 jxF capaci- 
tor should be connected between the COMP pin 
and Aqnd- The Typical Interface Circuits include 
an adjustable reference circuit. 

Data Inputs D 110 

The data inputs are TTL-compatible. For applica- 
tions involving fewer than 10 bits, connect the 
unused LSBs to Dqnd- 

CONW 

The TDC3310 requires a TTL-compatible clock 
signal, CONW All inputs are registered on and the 
analog output changes tco after the falling edge 
of CONW 

SYNC and BLANK 

SYNC and BLANK inputs control the output level 



of the TDC3310 during CRT retrace intervals. 
When BLANK is HIGH, data to D1-10 is ignored 
and VOUT is forced to a fixed blanking level, 
nominally 81 mV below the video "black" level. 
When SYNC is HIGH, data to D^q and BLANK 
are ignored and VOUT is forced to a fixed sync 
level, nominally 433 mV below the level corre- 
sponding to BLANK. SYNC and BLANK are regis- 
tered within the TDC3310 on the falling edge of 
CONW 

INVERT 

INVERT controls the polarity of D1-10 without 
affecting the SYNC or BLANK inputs. This input 
functions as a system data format selector, allow- 
ing the reversal of black and white in a video 
image. See the Input Coding Table. INVERT is 
registered within the TDC3310 on the falling edge 
of CONW 



OUT 

The voltage output of the TDC3310 is referred to 
VcCA and varies from Vqca to Vqca - Vref The 
Vout terminal of the TDC3310 has an internal 
90Q resistor to provide a voltage output from the 
current switch array. The close thermal coupling 
and matched temperature coefficients of the 
internal reference current generator and this 
Vout load resistor provide an output that is stable 
over temperature. Operation with an external load 
resistor will reduce output voltage range as well 
as temperature stability. Current may be driven 
into or out of the Vout terminal as long as the 
output compliance voltage limit of the TDC3310 is 
not violated. 

Not Connected 

There are several pins with no internal connection 
to the TDC3310. They should be left open. 
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Table 1, Package Interconnections 



Signal Type 


Name 


Function 

— — 


Value 


N6Pin 


R6Pin 




Power 


w 

V CCA 


Analog supply voltage 


o.uv 


in 
IU 


in 
IU 




w 

V CCD 


Digital supply voltage 


o.uv 


1"7 
I / 


on 


Ground 


A 

GND 


Analog ground 


0.0V 


9 


9 




r\ 

GND 


Digital ground 


a aw 
0.0V 


1 O 1C 

12, lb 


1, 13, 17, 19 


Reference 


\ / 

REF 


Reference voltage input 


v cca" ' 


& 
o 


o 




COMP 


Compensation capacitor 


a 1 . . p 

0.1 [Xr 


7 


7 


Data Input 


D 1 (MbB) 


Most bigniticant Bit Input 


1 1 1 

1 1 L 


19 


23 




D 2 




i 1 1 
1 i L 


OA 

20 


O A 

24 




Pv 
D 3 




TTL 


21 


oc 

25 




D 4 




TTL 


22 


26 




D 5 




TTI 
1 1 L 




OT 

z/ 




Pi 

D 6 




1 1 L 


o>i 
24 


OO 

28 




Pi 
D 7 




TTI 
1 1 L 


25 


oo 
29 




D 8 




TTL 


26 


30 




D 9 




TTL 


27 


31 




P\ /I OD\ 

D 10 (LSB) 


Least Significant Bit Input 


i 1 1 
1 1 L 


oo 
2o 


oo 
32 




IM\/CDT 

INVbm 


Invert D 1-D10 


TTI 
1 1 L 


5 


5 




QVMP 


QVMP \nr\i it 

oyimu input 


TTI 
1 1 L 


4 


Q 
O 




BLANK 


BLANK input 


TTL 


3 


2 


Clock 


CONV\ 


Clock input 


TTL 


18 


22 


Output 


^OUT 


Analog output 


+4 to +5 


8 ! 


8 


Not Used 


NC 


Not connected 


Open 


1,2, 11 


4, 11, 12, 14 










13, 14, 16 


15,16,18,21 
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Table 2. Input Coding Table 



D1 D10 
(MSB LSB) 


BLANK 


SYNC 


INVERT = LOW 
VniiT 

UU 1 

w/rV CCA 


VnilT 
UU 1 

w / rA GND 


INVERT = HIGH 
Vout 

UU 1 

w / rV CCA 


UU 1 

w / rA GND 


11 1111 1111 


0 


0 


0.000 


5.000 


-1.000 


4.000 


11 1111 1110 


0 


0 


-0.001 


4.999 


-0.999 


4.001 


11 1111 1101 

• 


0 

• 


0 

• 


-0.002 
• 


4.998 
• 


-0.998 
• 


4.002 
• 


10 0000 0000 


0 


0 


-0.500 


4.500 


-0.501 


4.499 


All 4 4 4 4 4 4 4 4 

01 1111 1111 


0 


0 


-0.501 


4.499 


-0.500 


4.500 


00 0000 0010 


0 


0 


-0.998 


4.002 


-0.002 


4.998 


00 0000 0001 


0 


0 


-0.999 


4.001 


-0.001 


4.999 


00 0000 0000 


0 


0 


-1.000 


4.000 


0.000 


5.000 


XX xxxx xxxx 


1 


0 


-1.081 


3.919 


-1.081 


3.919 


XX xxxx xxxx 


X 


1 


-1.514 


3.486 


-1.514 


3.486 



Note: Vref = Vqca * 1.000 volts, Vqca = 5.0 volts, no external 




Figure 4. Timing Diagram 
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»CCA 




AqnD 3310.3 

Figure 5. Equivalent Reference and Output Circuit 



v outB- 



->v cc tov cc -ivolt 



<5pF 



3310.4 



Figure 6. Output Test Load 



39F 

■^1— 



VECTORSCOPE 



0.1 



1 -J— ► 0.5V p - p | 

175 f | 



Figure 7. Output Load for DP and DG 
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Absolute Maximum Ratings 1 
Supply Voltages 

VcCA (measured to Aqnd) -°- 5 10 +7.0V 

Vccd (measured to Dqnd) -0.5 to +7.0V 

VcCA (measured to Vccd) -0-5 t0 +0.5V 

Agnd (measured to Dqnd) -0.5 to +0.5V 

Inputs 

CONV\ Dmo, sync, blank, invert 

Applied voltage measured to Dqnd 2 -0-5 to +7.0V 

Externally forced current 3 ±10 mA 

Vref 

Applied voltage (measured to Aqnd) 2 _u - 5 to < V CCA +2 )V 

Externally forced current 3 ±10 mA 

Output 

VOUT 

Applied voltage (measured to Aqnd) 2 +3-0 t0 +7.0V 

Externally forced current 3 ±20 mA 

Temperature 
R6 Package 

Operating, ambient -25 to +90°C 

Junction +140°C 

B6 Package 

Operating, ambient -60 to +150°C 

Junction +200°C 

Lead, soldering (10 sec.) +300°C 

Storage -65to+150°C 



Notes: 

1. Absolute maximum ratings are limiting values applied to individually while all other parameters are within specified 
operating conditions. Functional operation under any of these conditions is NOT implied. Device performance and reliabil- 
ity are guaranteed only if Operating Conditions are not exceeded. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 
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Operating Conditions 







Standard Temperature Range 




Parameter 


Description 


Min 


Nom 


Max 


Units 


V CCA 


Analog Power Supply Voltage 


4.75 


5.00 


5.25 


V 


V DDC 


Digital Power Supply Voltage 


4.75 


5.00 


5.25 


V 


V CCA" V CCD 


Power Supply Voltage Differential 


-0.1 


0.0 


0.1 


V 


A GND" D GND 


Ground Voltage Differential 


-0.1 


0.0 


0.1 


V 


Vref 


Reference Voltage 


VcCA-1-5 


VcCA-1-0 


VcCA-0-5 


V 


c c 


Compensation Capacitor 


0.01 


0.1 




HF 


V|L 


Input Voltage, Logic LOW 






0.8 


V 


V| H 


Input Voltage, Logic HIGH 


2.0 






V 




Input Data Setup Time 


20 






ns 


tH 


Input Data Hold Time 


2 






ns 


tpWL 


CONV\ Pulse Width, LOW 


10 






ns 


tpWH 


CONV\ Pulse Width, HIGH 


10 






ns 


T A 


Temperature Range, Still Air 


0 




70 


°C 



Electrical Characteristics 









Standard Temperature Range 




Parameter 


Conditions 


Min 


Typ 


Max 


Units 


'cc 


Supply current 


VcCD = Vcca = Max 




70 


115 


mA 


C|N 


Input Capacitance 


C0NV\, Dmo, SYNC, 
BLANK, INVERT, V RE F 




5 


10 


PF 


IlL 


Input Current Logic LOW 


V C CD = Max, V| = 0.4V 




-200 


-400 


HA 


llH 


Input Current, Logic HIGH 


V D DC = Max,V|= 2.4V 




10 


100 


ma 


Ro 


Output Resistance 


VoUTtoV C CA,T A = +25°C 


80 


90 


100 


Q 


Co 


Output Capacitance 


Vout Terminal 






20 


PF 


voc 


Output Compliance 


Referred to Vcca 


-1.5 


0 


+0.4 


v ; 


VPS 


Full-Scale Output 


Referred to VccA/ Vref = Nom 


-0.95 


-1.0 


-1.05 


V 


Vblank 


Blank Output Voltage 


Referred to Vfs, Vref = Nom 


-71 


-81 


-91 


mV 


VSYNC 


Sync Output Voltage 


Referred to Vblanio v REF = Nom 


-380 


-433 


-480 


mV 
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Switching Characteristics 



Parameter 


Conditions 


Standard Temperature Ran< 


je 

Units 


Min 


Typ 


Max 


f s Maximum Clock Rate 
t co Clock to Output Delays 2 


V CCA' V CCD = Min 
^CCA' V DDC = 


40 


8 


15 


MHz 
ns 


t R Output Risetlme i* 2 
t F Output Falltime^2 


90% to 10% of Full Scale 
10 to 90% of Full Scale 




5 
5 


10 
10 


ns 
ns 


tsEj Output Settling Time 1/2,3 


to 1% 
to±1LSB 




10 
25 


18 
40 


ns 
ns 


G A Peak Glitch Area 2 , 3 






50 




pV-sec 



Notes: 

1. See Timing Diagram. 

2. Standard Test Load, Figure 4. 

3. Worst-case transition. 



System Performance Characteristics 











Standard Temperature Range 




Parameter 


Conditions 




Min 


Typ 


Max 


Units 


Eld 


Differential Linearity Error 


V C CA' V CCD> V RE F = Nom 






±0.5 


±1.0 


LSB 


Eli 


Integral Linearity Error 


V CCA' V CCD' V REF =Nom 






±0.5 


±1.0 


LSB 


e G 


Absolute Gain Error 


V CCD' V CCA< V REF = Nom 






±1 


±5 


% 


tc eg 


Gain Error Tempco 


V CCD' V CCA< V REF = Nom 






±30 




ppm/°C 


v 0F 


Output Offset Voltage 


V CCA< V CCD = Max < D 1-10 = 


HI 


3H 


-10 


-25 


mV 


TC 0F 


Offset Tempco 


V CCA< V CCD- = Max - D 1-10 = 


H 


GH 


-50 




\ivrc 


•ref 


V REF Input Bias Current 






1 


5 




Dp 


Differential Phase 


f s = 4 x NTSC Subcarrier 






0.2 




Degrees 




Differential Gain 


f s = 4 x NTSC Subcarrier 






0.3 




% 



For More Information call 1-800-722-7074. 



Raytheon Semiconductor 



3-247 



TDC3310 



+5V>- 



0.1 



LM185 
(1.2V) 
or 

LT1009 
(2.5V) 



0.1 



-3.9K 



9AK+ 



Dl-IoZ 



SYNC >- 



BLANK >- 
CONV >- 



V CCA 


V CCD 




COMP 


V REF 






v OUT 


TDC3310 


D 1-10 


INVERT 


SYNC 




BLANK 




CONV 




A GND 


°GND 


4 





-1 



VOUT \\V T ]X^T^ V,DE00UT 

1 IK I ty^J 



39 F 




Application Notes 

Since the internal reference and output circuits of 
the TDC3310 are referred to the power supply, Vcc, 
the external voltage reference shown in the Typical 
Interface Circuit is also referred to Vcc. A simple 1.2 
volt Bandgap reference diode is voltage-divided to 
provide 1.0 volts between the Vref and Vcc in- 
puts. The output of the TDC3310 is AC coupled into 
a 75ft resistor which divides the output video level 
by a factor of two. The video amplifier gain is +2, 
restoring the 1 Vp-p video level and referring the 
video signal to Aqnd. It is important to ensure the 
power supply for the TDC3310 is well-regulated 
and free of high-frequency noise. Careful power 
supply decoupling will ensure the highest quality 
video signals at the output of the circuit. 

Grounding 

The TDC3310 has separate analog and digital 
circuits. To keep digital system noise from the D/A 
converter, it is recommended that power supply 
voltages (Vqdd and Vqda) come from the same 
source and ground connections (DqnD and Aqnd) 
be made to the analog ground plane. Power supply 
pins should be individually decoupled at the pin. 

The digital circuitry that gets its input from the 
TMC1173 should be referred on the system digital 
ground plane. 



Printed Circuit Board Layout 

Designing with high-performance mixed-signal 
circuits demands printed circuits with ground 
planes. Wire-wrap is not an option — even for 
bread boarding. Overall system performance is 
strongly influenced by the board layout. Capaci- 
tive coupling from digital to analog circuits may 
result in poor A/D conversion. Consider the follow- 
ing suggestions when doing the layout: 

1 . Keep the critical analog traces (Vin, Rt, Rb> 
Vr+, Vr.) as short as possible and as far as 
possible away from all digital signals. The 
TMC1 173 should be located near the board 
edge, close to the analog output connectors. 

2. The power plane for the TMC1 173 should be 
separate from that which supplies the rest of 
the digital circuitry. A single power plane 
should be used for all of the Vqd pins. If the 
power supply for the TMC1 173 is the same as 
that of the system's digital circuitry, power to 
the TMC1 173 should be decoupled with ferrite 
beads and 0.1 jxF capacitors to reduce noise. 

3. The ground plane should be solid, not cross- 
hatched. Connections to the ground plane 
should have very short leads. 
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4. Decoupling capacitors should be applied 
liberally to Vdd P'ns. Remember that not all 
power supply pins are created equal. They 
typically supply adjacent circuitry on the 
device, which generate varying amounts of 
noise. For best results, use 0.1 jliF ceramic 
capacitors. Lead lengths should be minimized. 
Ceramic chip capacitors are the best choice. 



5. If the digital power supply has a dedicated 
power plane layer, it should not overlap the 
TMC1 173, the voltage reference or the analog 
inputs. Capacitive coupling of digital power 
supply noise from this layer to the TMC1 173 
and its related analog circuitry can have an 
adverse effect on performance. 

6. CONV should be handled carefully. Jitter and 
noise on this clock may degrade performance. 
Terminate the clock line carefully to eliminate 
overshoot and ringing. 



Typical Performance Curves 




3310.B 



-55 0 25 100 125 -55 0 25 100 125 

T A (ooC) T A (ooC) 

Power Supply Current vs. Temperature R 0UT vs. Temperature 
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Section 3 — Standard Products 



Transform Products 




Transform products perform complex conversions from 
one signal space to another. The high level of integration 
in Raytheon products yields very efficient, cost-effective 
implementations of the basic signal processing function. 

The Fast Fourier Transform is a basic tool in time/ 
frequency domain processing. The TMC2310 executes a 
1K point, 16 bit FFT in 514 |is (16 points in 4 us). 



65-6225 

The Fast Cosine Transform is the key functional element 
in image compression. The TMC231 1 operates on 12 bit 
data at a 15 Mega Pixel/s rate. 

The TMC2330 is tailored to convert data in polar 
coordinate space to rectangular space, or vice-versa, at 
rates of 25 million operations per second. 









Clock 
















Rate 1 


Power 1 








Product 


Description 


Size 


(MHz) 


(Watts) 


Package 


Grade 


Notes 


TMC2310-1 


Fast Fourier Transform 


16-Bit 


20 


0.75 


G5, L4, L6 


V 


1024 point complex FFT in 514 ps with 19-bit 








20 


0.75 


H7 




internal precision and block floating-point 








15 


0.75 


G5, L4, L6 


V 


rescaling. 


TMC2311-2 


Fast Cosine Transform 


12-Bit 


17.8 


0.7 


R1 


C 


Data compression processor. 


-1 






14.5 


0.7 


R1 


C 


Meets CCITT specifications 








17.8 


0.7 


R1 


C 


8x8, 2-dimension. 


TMC2330-1 


Coordinate Transform 


16x16 Bit 


25 


0.7 


H5.L5 


v,c 


Cartesian <-> polar converter. 








20 


0.7 


H5.L5 


v,c 





Notes: 

1 . Guaranteed. See product specifications for test conditions. 

2. A * High Reliability, T c » -55°C to 1 25°C. 
C - Commercial, T A ■ 0°C to 70°C. 

V = MIL-STD-883 compliant, T c « -55°C to 125°C. 

SMD * Available per Standardized Military Drawing, T c ■ -55°C to 125°C 
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TMC2310 
FFT Processor 

16/19-Bit, 20 MHz 



Description 

The TMC2310 is an advanced integrated circuit which 
can execute complex Fast Fourier Transforms (FFT), 
forward or inverse, of up to 1 024 points, with or without 
data windowing. The device operates with either 
unconditional or conditional overflow block floating-point 
reseating. Adaptive and static Finite Impulse Response 
filtering, real and complex multiplication or multiply- 
accumulation, and magnitude squared operations are 
also supported. Sinusoidal coefficients ('Roots of Unity") 
for Fourier Transforms are provided in a Coefficient 
Look-Up Table in on-chip ROM. At the maximum cbek 
rate of 20 MHz, the device will execute radix-2 butterflies 
in 100 ns, and 1024-point complex transforms (5120 
butterflies) in 514fiSec. 

The TMC2310 provides the arithmetic, control, 
coefficient memory and address generation logic for a 
variety of signal processing and vector algorithms. 
External memory is used for storage of complex data 
and window or filter coefficients. Each data port is 
bidirectional and the device can be used with one or two 
banks or memory for either in-place or bank switched 
memory configurations, allowing the user to overlap I/O 
operations with arithmetic execution. All functions utilize 
the same basic system architecture, ensuring maximum 
flexibility. 

The control structure has been designed to simplify its 
use as a high-speed arithmetic accelerator. The device 
is programmed by initializing two internal configuration 
registers to set device parameters such as function, 
transform length, data addressing modes, single or bank 
switching memory architecture, and other options. Once 
initialized, the device generates data addresses and 
control for external memory, transfers data, executes the 
algorithm, and provides a DONE flag to indicate 
completion. 

Built with Raytheon Semiconductor's OMICRON-CTM 
CMOS process, the TMC2310 is available in 89-pin 
plastic and 88-pin ceramic pin grid arrays and a 1 00 
leaded ceramic chip carrier. 



Features 

♦ Stand alone execution of forward or inverse 
complex Fast Fourier Transforms, adaptive and 
non-adaptive FIR filtering, multiplication or 
multiplication-accumulation (real or complex) 
magnitude squared 

♦ Fast 1 00 ns per butterfly yields a 2 MHz to 4 MHz 
sampling rate in single-device systems (16-point 
FFT in 4 usee, 1024-point in 514 usee) 

♦ Pipelined addressing mode and internal data 
storage to reduce memory bandwidth 

♦ Multiple-transform array mode to increase 
throughput 

♦ On-chip ROM coefficient look-up table for FFT 
coefficients (Twiddle Factors") 

♦ 1 6-bit fixed-point data format with 1 9-bit 
intermediate and final results for improved precision 

♦ Conditional overflow reseating or manual scaling 
(block floating-point) for high signal-to-noise 
performance 

♦ Scaler (block exponent) output 

♦ User-programmable window functions 

♦ Complete on-chip address generation and control 
for off-chip data and window/(FIR) coefficient 
memory 

Logic Symbol 



w 16 ..Z£l/ 



HOST / SCEN > 
INTERFACE 1 ^ 
CLK 

CMD- 



DONE 




1 # 11 



RAMSEL AD, 



WR RD 
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Applications 

• Radar 

• Sonar 

• Digital Communications 

• High-Speed Modems 

• Image Processing, Graphics 

• Test Instrumentation 

• Medical Electronics 



Functional Block Diagram 



WINDOW/FILTER 
COEFFICIENT 
PORT (W 16 _ 0 ) 




AD 9 _o WR RD 



• Spectral Decomposition/Analysis 

• Frequency- Multiplex Demodulation 

• Adaptive Filtering And Equalization 

• Pulse And Image Compression 

• Frequency And Time Domain Digital Filtering 

• High-Speed Complex Multiplication 
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Pin Assignments - 88 Pin Ceramic (G5) or 89 Pin Plastic (H7) Pin Grid Array 
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Figure 1. Basic TMC2310 System 
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Functional Description 
General Information 

The TMC2310 performs radix-2. Decimation In Time 
(DIT) Fast Fourier Transforms. It accepts 16-bit input 
data and maintains 19-bit (RE, IM) data either automatic 
pass-by-pass or unconditional data reseating (block 
floating-pointing). The 19-bit (RE, IM) data buses will 
accommodate up to three bits of word growth per data 
pass. Incoming data are rescaled to 16-bit, two's 
complement fractions on subsequent passes based on 
the maximum overflow detected during the previous 
pass (auto scale) or under user control (manual scale). 
To reduce memory bandwidth requirements (number of 
passes), the device performs radix-2 butterflies in sets of 
four (radix-4 addressing). A "pass" is defined as one 
arithmetic operation performed on the entire data array. 
Therefore, a butterfly operation is considered to be one 
data pass. Fourier Transforms require multiple data 
passes with external memory used for storage of 
intermediate and final results. All other (non-FFT) 
operations are completed in one pass. 

As shown in Figures 1 and 2, a system can be 
configured with either single or multi-port RAM, a 
window coefficient RAM/ROM, and very little additional 
hardware (see Applications Section). Multi-port memory 
architecture (Figure 2) allows I/O operations to be 
overlapped with data processing, maximizing system 
performance. The internal sequencing and control logic 
allows the device to operate with minimal support from 
the host system. External control consists of the 
programming of two internal configuration registers and 
a START, LOAD or RESET command. System 
performance is limited by either the maximum system 
clock rate or the memory access time. The architecture 
and sequencing of the TMC2310 are designed to 
minimize the number of wasted clock cycles between 
passes, ensuring that each butterfly can be executed in 
two clock cycles. 

The TMC2310 also supports the use of window 
functions for Fourier transforms. To perform windowing, 
the user need only provide a set of coefficients in 
external ROM or RAM and program the device 
accordingly. Window functions are applied to (multiplied 
by) the input data during the first data pass. Typical 
configurations utilize a 1 K x 1 7 (x1 6 for positive 
coefficients) block of RAM or ROM on the dedicated 
window memory bus. For additional information 
regarding window functions consult reference (1). 



The TMC2310 also performs in-place, memory based 
Finite Impulse Response (FIR) filtering. This function 
utilizes the external window port memory for storage of 
filter coefficients. Fixed coefficient and adaptive FIR 
filters can be implemented with 16 to 1024 coefficients 
(taps). Time domain filtering is accomplished with a 
memory based shift register technique in which the 
accumulated sum of products is determined (convolution 
of filter coefficients with stored data samples). Adaptive 
filtering allows real-time updates to filter coefficients by a 
dynamic update value. 

Real and Complex vector arithmetic functions include 
multiplication, multiply-accumulation, and magnitude 
squared (I 2 + Q 2 ). By combining functions, a variety of 
signal processing algorithms can be performed, 
including frequency domain filtering, signal analysis and 
signal synthesis. 

A multiple-transform array mode offers multiple equal- 
length transform capability. Any number of equal-length 
transforms may be selected up to a maximum of 1 024 
points. For example, the user may execute 16 
contiguous 64-point transforms, reducing the 
computation overhead associated with starting and 
executing single transforms. The window coefficients 
may be identical or unique to each transform. Scaling is 
performed on all points of all transforms equally, based 
on the maximum overflow of the previous data pass or 
on the user specified value. 

At the end of the transform, the user may read the 19-bit 
data output and the 6-bit scaling factor ("block 
exponent') generated by the internal shift/rescale 
circuitry. The 4-bit Total Scaler" value indicates the 
number of shifts performed on the data (block exponent) 
while the remaining 2 bits indicate the overflow 
encountered during the final data pass. Nineteen bits are 
used for intermediate results in order to minimize 
roundoff error during transforms. Provisions have been 
made, however, to allow the use of 16-bit wide memory 
systems. This can reduce memory component count but 
may increase roundoff error (arithmetic noise). 

The TMC2310 consists of five major sections: two 
arithmetic elements, external memory interface, control 
logic and coefficient ROM. 
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Arithmetic Elements (AEs) 

Each AE consists of an 18 x 18 bit multiplier, adders/ 
accumulators and data storage. The AEs interface to 
external data and window memory as well as internal 
coefficient ROM. Communication between AEs allows 
the device to perform complex arithmetic operations. To 
minimize arithmetic error, each AE retains maximum 
precision until the output stage where data are rounded 
to 19 bits (Real and Imaginary). The bidirectional data 
buses transfer data between the AE and external 
memory. 19-bit input values are shifted at the input to 
the multiplier array. This shift is either automatic (FFT 
auto scale modes) or user controlled (manual scale). On 
the first pass, if the upper three bits contain significant 
data, the user must right shift the input data using 
manual scaling. 

External Memory Interface 

The TMC2310 provides all the necessary addressing 
and control for external memory. Read and write 
address are provided as well as control outputs for write 
strobes, read enables and a source/destination RAM 
select for multiple memory bank systems. The single, 
10-bit address output is multiplexed for read and write 
operations. The sequence is determined by the selected 
function as well as other user specified options. 

The sequence may be specified as bit-reversed or 
sequential for FFT/IFFT operations. The selected 
sequence has no effect on execution time. However, it 
does affect the ordering of input data and whether 
additional memory is required (scratch pad). The device 
supports a special "pipelined" addressing mode for all 
operations. Under normal addressing, the address and 
controls are output during the same clock period as the 
data. In the pipelined mode, address and controls are 
output one clock cycle prior to the data, providing added 
flexibility in the host system interface as well as reducing 
memory speed requirements (see Timing and 
Applications). 

Coefficient ROM 

An internal ROM is included as a coefficient look-up 
table to the AEs. The ROM supplies the sinusoidal 
coefficients ("Roots of Unity") required for forward and 
inverse FFTs. The ROM is accessed under internal 
control and outputs data to the arithmetic elements 
during FFT passes (Sine and Cosine values). The ROM 
contains coefficients to support transforms of up to 1 K 
(1024) data points. 



Control 

The control section configures the data paths and 
provides internal sequencing. The device operation is 
defined by two internal configuration registers. Once the 
function has been "STARTed", the device performs all 
sequencing and activates the DONE flag upon 
completion. 

Signal Definitions 

Power 

Vqd. GND The TMC231 0 operates from a single +5V 
supply. All power and ground lines must be 
connected. 

Clock 

CLK The TMC231 0 operates from a single 
system clock. All internal and external 
operations are referenced to the rising edge 
of CLK. 

Data Buses 

REi 8-o RE-Bus is a bidirectional data bus for "Real" 
data. This bus is time multiplexed for reads 
and writes. When the device is Idle, this bus 
is in the high-impedance state. REo is the 
Least Significant Bit (LSB). RE15.3 »s also 
used to load the internal configuration 
registers. Data placed on the bus are 
clocked into a configuration register during 
a LOAD command. Registers may also be 
programmed by storing configuration data 
in address 0 of the Real data memory. A 
LOAD command causes a read operation 
with the address bus set to address 0. 

IM18-0 IM-Bus is a bidirectional data bus for 
"Imaginary" data. This bus is time 
multiplexed for reads and writes. When the 
device is idle, this bus is in the high- 
impedance state. IMo is the LSB> 

W1 6-0 The W-Bus is used to input the 1 7-bit 

window and FIR Filter coefficients. W5-0 is 
also used as an output to access the block 
exponent and last pass overflow. 
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Data Buses (cont.) 

W16-0 The scaler exponent (W3-0) indicates the 
number of shifts performed on the data for 
multiple pass transforms while ws-4 
indicates the overflow (in bits) that occurred 
during the previous pass. W5-4 indicates 
how many, if any, of the three MSBs (RE18- 
16. IM18-I6) of the final results contain 
significant data (i.e. bits which are not an 
extension of the sign). If the largest 
magnitude result mantissa of a pass falls 
between -32,768 and +32,767, inclusive, 
W5-4 following that pass will be 0. If, 
instead, it falls between -65,536 and - 
32,769, inclusive, or between 432,768 and 
+65,535, inclusive, W5-4 will be a 1, 
denoting 1 bit of net word growth to be 
compensated at the start of the next pass 
by a right shift. 

Control Inputs 

CMD1 -0 The manifold functions of the TMC231 0 
FFT processor are selected by the 
information loaded into its Configuration 
Registers, CR1 and CR2. The loading of 
these registers is controlled by the CMD1-0 
input pins and the clock. The TMC2310 
must be RESET and both Command 
Registers loaded before the first operation 
(FFT or other transformation) begins. The 
TMC2310 RESETS automatically after each 
complete transform, and then CR1 and/or 
CR2 may be updated for a different 
operation. If neither CR1 nor CR2 is 
updated, the previous operation will be 
repeated on the next data set. 

Each register value may be loaded in a 
separate LOAD sequence, or both values 
may be loaded sequentially in the same 
LOAD sequence. CR1 and CR2 may be 
loaded in any order because bit 15 is an 
identification bit. The values for CR1 and 
CR2 may be presented to pins RE15.3 from 
any source. A clever source for one of 
these values is memory location 0, which is 
called by the TMC2310 during the LOAD 
operation. 



The LOAD command is given by the first 
clock rising edge at least ts after setting 
CMD1-0 =01 . The Command Register value 
is read by the TMC2310 at its RE15.3 pins 
on the third (and fourth, for sequential 
loading) rising clock edge after the LOAD 
command. CMD1-0 must be held at 01 
during the entire LOAD sequence. As long 
as CMD1-0 is held at 01 , the TMC2310 
command registers track the RE15-3 inputs. 
See the timing diagram 7 and 8 for further 
information. 

Here are the step-by-step instructions: 

For the first operation after applying power, 
the TMC2310 must be RESET. (This step 
is not required for subsequent operations.) 

1 . Set CMDi-o=00 for at least 4 clock 
rising edges. (DONE, WR\and 
RAMSEL will go HIGH.) 

Load the Configuration Registers by 
entering a LOAD command and presenting 
the values for CR1 and/or CR2 to the 
TMC2310. 

2. Set CMDi-o=01 at least ts before a 
clock rising edge, which we'll label "0." 

3. Present the data for CR1 or CR2 to the 
RE15-3 pins at least ts before clock 
rising edge 3. 

4. To load the selected operation, set 
CMDi-o =1 1 to enter the CONTINUE 
mode, during which the TMC2310 waits 
for a start command. The START 
command is given by setting 
CMD1-0 =10 at least ts before a clock 
rising edge. For proper operation 
CMD1-0 must be set to 11 
(CONTINUE) within 4 clock cycles after 
to START command. The selected 
operation is performed to completion. 

The registered CoMmanD input is used to 
RESET the device, LOAD configuration 
registers, and START an operation. 
Commands are issued by placing a valid 
command on the input for one (or more) 
clock cycle(s) then returning to the CONT 
command. The input should normally 
remain in the inactive (CONT) state. The 
operation of each command is as follows: 
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Command Operation 

RESET If RESET is held for at least 4 clock cycles, 
the DONE flag, WR, RAMSEL are set 
HIGH. The address bus (ADg-o), data 
buses RE 18-0, IMiao and W16-0 are set to 
high-impedance state, and the RD output is 
LOW. A RESET command held for only 
one cycle does not reset the chip, but 
causes the last pass scaler (W5.4) to be 
added to the current scaler exponent (W3. 
0). The sum then appears on W5_o until 
cleared. RESET held for more than one 
cycle will clear the scaler exponent field 
(W5-0). 

01 LOAD AD9-0 is activated and a read is performed 

with the address set to zero. If LOAD is 
followed by a CONT then the device will be 
put into a RESET state. 

1 0 START START causes the device to begin an 

operation. The START command must be 
valid for at least one clock cycle, but not 
longer than 4 clock cycles. After two start- 
up cycles, the DONE flag is set LOW and 
the data and addresses buses become 
activ e. Upon completion of the operation, 
WR, and DONE are HIGH, RD is LOW, 
AD9-0, RE184 and IM18-0 are in high- 
impedance, and execution suspended until 
the next command. The state of the 
RAMSEL pin depends on the mode 
determined in Configuration Register 2. 
The START command clears the current 
contents of the scaler exponent (W3-0). 

1 1 CONT CONTinue is the inactive state for the 

command input. It has no internal effect. 
After a command has been issued, the 
CMD input should be set to this state, 
following a start, the CMD input must be 
set to CONT for the operation to complete 
properly. If the previous command was a 
RESET or LOAD then the device remains 
in RESET. 

SCEN By the end of each N-point transform, the 
TMC231 0 has output a block of N complex 
results, all of which have been right shifted 



CMD^ 

00 



(rescaled) internally by a common power- 
of-two scale factor. By bringing SCEN 
HIGH, the user can read the base-2 
logarithm of this scale factor, "A," over 
W3-0. The unsigned binary value "A" tells 
how much rescaling, I.e., how many one- 
binary-place right shifts, occurred 
cumulatively during all but the first radix-4 
pass of the transform. 

In general, the largest output word will have 
grown past the nominal 16-bit input format 
(the LSBs of the data I/O ports), into bits 
D18. D 17. and D16. While reading "A" over 
W3-0, the user can also read "C, w which 
tells how much word growth occurred 
during the final pass, on W5-4. If C=0, then 
all outputs fit within the 1 6 LSBs of the data 
port; if C=1 , 2, or 3, then 1 7, 1 8, or 1 9 bits 
(respectively) are needed to express the 
largest output value. 

After issuing a single RESET (CMDi.q=00) 
pulse, the user can read unsigned binary 
value B = A+C over W3-0. This exponent is 
used when the final results are to be 
rescaled to 16 bits, via a sign-extending 
right-shift of C bits. B is read ONLY over 
W3-0 and thus has a maximum readable 
value of 15 decimal (binary 1111). This 
should be large enough for almost all 
applications, since the maximum word 
growth of a radix-4 FFT pass is a factor of 
2.414 x 2.414 = 5.83. A 1024-point 
transform would entail five of these factors, 
or a cumulative factor of 6726, which 
requires up to 13 bits of shifting, i.e., B<14. 
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Figure 1 depicts the timing relationships 
among the SCEN, CMD1-0, A, B, and C. In 
this example, we denote as "2" the first 
rising edge of CLK after the chip's DONE 
flag goes high. If we then bring SCEN HIGH 
before CLK edge 3, we will observe 
exponent "A" on W3-0 and "C on \N5-4, 
starting tENA after CLK edge 3. The RESET 
pulse we issue on CLK edge 4 (CMD1- 
0=00) cause the Hl-Z output on W3-0, tpis 
after CLK edge 5, followed by the value "B" 
on W3-0 tENA after CLK edge 6. The value 
B will remain on W3-0 until the end of the 
first pass of the next transform, when the 
first pass exponent of the next transform 
will replace it. 

In general, A will remain on W3-0 until after 
CLK edge N+1 if CMDi-o is 00 before CLK 
edge N. The output is then disabled for one 
clock cycle before B appears over the same 
pins, W3-0. 

The SCaler output ENable is used to read 
the block exponent and last pass overflow. 
When SCEN is HIGH, the six LSBs of the 
W-Bus are enabled and consist of the data 
block (scaler) exponent (W3-0) and the last 
pass overflow (54). When SCEN is LOW, 



the W-Bus is in high-impedance and acts 
as an input. At the end of an operation, the 
scaler exponent will show the total number 
of right-shift performed on the data array 
(both from manual and auto scaling), and 
the last pass scaler (W5-4) will give the 
overflow occurring during the last pass 
through the data. 



Control Outputs 

AD9-0 The 1 0-bit ADdress output provides 
memory addressing for the data and 
window memories. The device supports 
sequential and bit-reversed addressing for 
FFTs, FIR data shift addressing, and 
multiple transform addressing for both read 
and write operations. Under normal 
conditions, the memory address is output 
on the same clock cycle as the read or write 
operation. Selecting pipelined addressing 
causes the address, RD and RAMSEL to 
appear one clock cycle prior to the read/ 
write data. 

WR WRite is an active LOW pulse used to 

strobe data into the external data memory. 



DONE 
CMD 
SCEN 



W3-0 



HI-? 



Figure 1. 
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Control Outputs (cont.) 



WR 
(cont.) 



RD 



RAMSEL 



The address and control outputs are guar- 
anteed to be valid before WR is LOW and 
after WR goes HIGH. 

ReaD can be used to control the output 
enables of external memory. It indicates the 
direction of the RE and IM data buses. 
When LOW, the TMC2310 is performing a 
read (input) operation, and a HIGH indicates 
a write (outputs enabled) operation. When 
the DONE output flag is HIGH, RD is set 
LOW. 

The RAM SELect output is used to bank 
select external memory and to identify the 
location of the initial and final results. Its 
operation is determined by setting a 2-bit 
parameter in Configuration Register 2. It 



can be used to select between physically 
separate memories or as an additional 
address line in paged memory systems. 
Detailed operation of RAMSEL is given in 
Tables 3, 4, 5 and 6. 

DONE The DONE flag goes LOW after an oper- 
ation is "STARTed" and remains LOW until 
it is complete. One cycle after DONE goes 
HIGH, the device is idle and final results 
are available in external memory. D0NE = 
HIGH also indicates that the chip's data (RE 
and IM) and address (ADg_o) bus drivers 
are in the high-impedance state, WR is 
inactive (HIGH), and RD is LOW. DONE can 
be used as a host interrupt as well as a 
control line to allow host system access to 
data memory and results. 



Package Interconnections 



Signal 
Type 


Signal 
Name 


Function 


G5, H7 Package Pins 


L4 Package Pins 


Power 


v D d 


Supply Voltage 


H1, H2, N8, F13, A6 


12, 13, 26, 38, 44, 51, 
64, 76, 88, 97, 100 




GND 


Ground 


B1, G1, G2, N2, M7, M13, 
G12, B12, A10, B7 


1, 10, 11, 24, 25, 27, 37, 
50, 52, 63, 69, 75, 81, 87 


Clock 


CLK 


System Clock 


F2 


8 


Data 


RE 18-0 


Data Bus (Real) 


B2, A1, A2, B3, A3, B4, A4, 
B5, A5, B6, A7, A8, B8, A9, 
B9, BIO, All, B11, A12 


99, 98, 96, 95, 94, 93, 92, 
91, 90, 89, 86, 85, 84, 83, 
82, 80, 79, 78, 77 




IMl8-fj 


Data Bus (Imaginary) 


M3, N3, M4, N4, M5, N5, M6, 
N6, N7, M8, N9, M9, N10, M10, 
Nil, M11, N12, N13, M12 


28, 29, 30, 31, 32, 33, 34, 
35, 36, 39, 40, 41, 42, 43, 
45, 46, 47, 48, 49 




W 16-0 


Window/Coefficient Bus 


A13, B13, C12, C13, D12, D13, E12, 
E13, F12, G13, H13, H12, J13, J12, 
K13, K12, L13 


74, 73, 72, 71, 70, 68, 67, 
66, 65, 62, 61, 60, 59, 57, 
56, 55, 54 


Controls 


CMD^o 


Command Inputs 


CI, C2 


3, 2 




SCEN 


Scaler Exponent Enable 


L12 


53 




AD 9 _ 0 


Address Bus Output 


M2, N1, M1, L2, LI, 
K2, K1, J2 J1, F1 


23, 22, 21, 20, 18, 
17, 16, 15, 14, 9 




RAMSEL 


Source/Target RAM Select 


D1 


5 




RD 


External Memory Enable 


E2 


6 




WR 


Write Strobe Output 


El 


7 


Flags 


DONE 


Function Complete Flag 


D2 


4 


No Connect 


NC 


No Connect Pins 




19, 58 






Index Pin 


C3 
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Device Operation 

Upon power-up of the device, the user should 
immediately issue a RESET command (CMDi-o=00), 
forcing the device into a "DONE" state. A RESET must 
be performed prior to any attempt to initialize internal 
configuration registers. Following the RESET, the DONE 
flag is HIGH and the address and data (RE, IM and W) 
buses are set to high-impedance. 

Prior to performing any operation, the user must initialize 
and configure the device by programming two internal 
configuration registers (CR1, CR2). There are two 
methods of initializing the registers. Data may be stored 
in external memory, address location "0" or they may be 
placed directly on the RE-Bus (RE15.3). A LOAD 
command (CMDi-o=01) causes a read on the RE-Bus 
with AD9_o=0. Data read from memory (or directly from 
the bus) are stored into the configuration register 
selected by bit 15 of the data word. A minimum of two 
load commands are required to input the two words, 
CR1 and CR2. The loads of CR1 and CR2 may be 
performed consecutively or separately by one or more 
"continue" cycles. 

The configuration registers define the function to be 
performed as well as other operating parameters. Once 
programmed, device operation is controlled by the two- 
bit command control (CMDi-q). Commands are used to 
begin or suspend operations and to load configuration 
registers. Operations may be repeated (under the same 
conditions) without reloading the configuration registers 
by issuing additional START commands. If the RESET 
command has been applied after the configuration 
registers have been loaded, however, it may be 
necessary to reload Configuration Register 2, since 
RESET will clear bits 3, 4 and 5 of CR2 and the internal 
SCaler ENable (SCEN) register. 

Once the input data have been stored in external 
memory (beginning at address 0) and the configuration 
registers initialized, device operation begins following a 
START command. After the START command has been 
initiated, the command input must be set to CONT 
(CMDi-o=1 1) within 4 clock cycles for proper operation. 
During execution, the device takes control of the local 
data memory bus, enables the address output bus and 
generates external memory control. The DONE flag will 
be set HIGH to indicate that the TMC231 0 has 
completed its operations and final results are available 
in memory. 

All intermediate and final results are stored in external 
memory in 19-bit, two's complement format. Upon 



completion of the operation, the SCaler ENable input 
(SCEN) can be used to read the last pass overflow and 
the scaler exponent. The last pass overflow (W5-4) 
indicates the word growth that occurred during 
execution of single pass operations or, during the final 
butterfly pass of a transform. The 4-bit scaler exponent 
(W3-0) indicates the number of right-shifts performed on 
the data array during a multiple pass transform 
(common data exponent). At the end of an operation, 
the host system must read the scaler exponent prior to a 
RESET command. Failure to do so will result in an 
incorrect scaler exponent value. A RESET command 
applied for one cycle will cause the last pass overflow to 
be added to the current value of the scaler exponent. 
RESET held for more than one clock cycle will clear the 
scaler exponent field (W5-0). Immediately after a START 
command, the scaler exponent will be initialized. 

Configuration Register 1 (CR1) 

Configuration Register 1 defines the operation, 
transform length, FFT addressing sequence and scaling 
modes. 

Function Codes 

Table 1 indicates the input and output values for each 
function. The RE and IM buses are multiplexed for reads 
and writes while the W-Bus is used for input only. W- 
Bus(1) and W-Bus(2) indicate the input for first and 
second cycle read on the W-Bus, respectively. To input 
two words, the read address for both W-Bus operands is 
available during the first (read) cycle. It may be 
necessary for the user to register the address or data 
externally for proper synchronization (see Applications 
Section). 

In general, single pass operations (MPY, MAC, 
MAGSQ) read data from memory and output results to 
the same address, overwriting the original input data. If 
the input data are to be saved, use of the RAMSEL 
allows results to be output to a separate result memory 
or directly to the host system. All data should be stored 
in external memory beginning at address 0. The 
TMC2310 begins all operations at address 0. 

Table 1 includes operations designated as "2-Re" (2 
Real). W (Real/Imaginary), and "Cmplx" (Complex). 
The distinction is as follows: 

2-Re These operations involve only a single data 
word from the W-Bus. The data word 
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Function Codes (continued) 

input in the W-Bus is applied to the data 
input on both the RE and IM data buses. 

R/l These operations involve two values input 

from the W-Bus with the first W-Bus 
operand applied to the RE data and the 
second applied to the IM data. No cross 



terms are evaluated. 

Cmplx These operations involve two W-Bus 
operands, interpreted as a complex data 
value. The function involves a complex 
operation including cross terms. 



Table 1. Function Codes vs. Bus Function 



Code 


Function 


Inputs 


Outputs 


RE -Bus 


IM-Bus 


W-Bus(l) 


W-Bus(2) 


RE -Bus 


IM-Bus 


0000 


IFFT No -Window 


R ' 








Complex 1 


: FT Results 


0001 


MPY-ACC 2 -Re 


R 




w 




E RW 


E IW 


0010 


MPY-ACC R/l 


R 




w, 


w 2 


D RWt 


E IW 2 


0011 


MPY-ACC Cmplx 


R 




W R 


W| 


E RW R - IW| 


E IW R + E RW, 


0100 


MAGSQ 


R 








[R 2 + l 2 ]/2 


[R 2 + l 2 ]/2 


0101 


MPY 2 -Re 


R 




w 




RW 


IW 


0110 


MPY R/l 


R 




w. 


w 2 




!W 2 


0111 


MPY Cmplx 


R 




W R 


Wj 


RW R - IW| 


IW R + RW, 


1000 


FFT No -Window 


R 








Complex FFT Results 


1001 


FIR 2 -Re 


R m 


'm 


w n 




E R m W n 




1010 


FIR R/l 


R m 


'm 




w 2n 




S 'mW 2 n 


1011 


FIR Adaptive 


R m 




a 




E R m c n 


C n (1 -a) 


1100 


FFT Re -Window 


R 




w 




Complex FFT Results 


1101 


IFFT Re-Window 


R 




w 




Complex IFFT Results 


1110 


Cmplx MPY + FFT 


R 




W R 


W| 


Complex FFT Results 


1111 


Cmplx MPY + IFFT 


R 




W R 


W| 


Complex IFFT Results 
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Configuration Register 1 (CR1) Format 

RE 18-0 



18 


17 


16 


15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 


0 



BIT NUMBER 



J L 



UJ L 



Not Used (Don't Care) 


Manual Scale Factor 


00 


Shift 0 Bits 


01 


Shift 1 Bit 


10 


Shift 2 Bits 


11 


Shift 3 Bits 


Scaling Mode 


0 


Auto Scale (Manual On First Pass) 


1 


Manual Scale (All Passes) 


FFT Addressing Sequence 


00 


No Bit -Reverse (In -Place FFT) 


01 


Bit -Reverse On First Pass Read 


10 


Bit- Reverse On Last Pass Write 


11 


Bit -Reverse On First Pass Read 




And Last Pass Write 


Single Transform Length 


000 


Undefined 


001 


16 Points 


010 


32 Points 


011 


64 Points 


100 


128 Points 


101 


256 Points 


110 


512 Points 


111 


1024 Points 


Function 


Code 


0000 


I FFT No Window 


0001 


Multiply -Accumulate 2 Real Inputs 


0010 


Multiply -Accumulate RE/IM Inputs 


0011 


Multiply -Accumulate Complex Input 


0100 


Magnitude Squared 


0101 


Multiply 2 Real Inputs 


0110 


Multiply RE/IM Inputs 


0111 


Multiply Complex 


1000 


FFT No Window 


1001 


FIR Filter, 2 Real Inputs 


1010 


FIR Filter, Dual RE/IM Inputs 


1011 


FIR Adaptive 


1100 


FFT Real Window 


1101 


IFFT Real Window 


1110 


Complex Multiply + FFT 


1111 


Complex Multiply + IFFT 



Configuration Register Select Bit 

0 Configuration Register 1 (CR1) 

Not Used (Don't Care) 
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CR1[14:11] 

0000 IFFT No Windowing. A complex Inverse 
Fast Fourier Transform is performed on data 
stored in external memory. No windowing 
is performed (rectangular window) during 
the IFFT and the W-Bus is unused. The 
memory addressing sequence and the 
transform length are determined by other 
parameters. The N- point inverse FFT is 
defined by: 

N - 1 

h(n) = L H(k)e+i 27rnk/N 
k - 0 

0001 Multiply -Accumulate Two Real Inputs. 
Both the RE and IM data are multiplied by 
the data word input on the W-Bus. 
Results are accumulated and written back 
to external memory. The output to memory 
is the sum of all previous multiplications, 
(e.g. Address 20 10 = sum of first 21 
products (0-20), Address 49 10 = sum of 
first 50 products, etc.) 

0010 Multiply — Accumulate Real/Imaginary. The 
RE data input is multiplied by the first word 
input on the W-Bus. The IM input is 
multiplied by the second word input on the 
W-Bus. The output to memory is the 
accumulation of all previous multiplications. 

N 

RE 0Ut (N) = L REjnMW^k) 
K = 0 

N 

IM 0Ut (N) = E IM in (k)W 2 (k) 
K = 0 

0011 Multiply — Accumulate Complex. Complex 
multiplication is performed on each (RE, 
IM) and (Wr, W|) pair. The output to 
memory is the accumulation of all previous 
complex multiplications. Input of a complex 
operand on the W-Bus is done on two 
consecutive clock cycles. 

N 

RE 0Ut (N) = L [RE in (k)W R (k) - IM in (k)W|(k)] 
K = 0 



N 

!M out (N) = L [IM in (k)W R (k) + RE m (k)W,(k)] 
K = 0 

(W R = W 1f W| = W 2 ) 

01 00 Magnitude Squared. The RE and IM data are 
squared separately. The squares are summed, 
halved and their most significant portions are 
output to both the RE and IM data memories. 

RE out( n > - IM out( n ) = [ RE in 2 ( n > + IM in 2 (n)]/2 

0101 Multiply 2 -Real. The RE and IM data are 
multiplied by the single data word input on 
the W-Bus during the read cycle. Results 
are output to the corresponding memory 
address. 

RE 0Ut (n) = REjnfnlW^n) 
IM 0Ut (n) = IMjnlnlW^n) 

0110 Multiply Real/Imaginary. The RE data value 
is multiplied by the data input on the first 
W-Bus cycle. The IM input is multiplied 
by the data input on the second W-Bus 
cycle. The result output to memory is: 

RE 0Ut (n) = REjnlnlW^n) 
IM 0Ut (n) - IM in (n)W 2 (n) 

0111 Multiply Complex. A complex multiplication 
is performed on the data input on the RE, 
IM and W-Bus inputs. The complex 
output to memory is: 

(RE + jlM)(W R + jW|) = 

RE out( n > = [RE in (n)W R (n)]-[IM(n) in W|(n)] 
IM 0Ut (n) = [IM in (n)W R (n)] + [RE(n) in W|(n)] 

1000 FFT No Windowing. A complex Fast Fourier 
Transform is performed on data stored in 
external memory. No windowing is 
performed (rectangular window) during the 
FFT and the W-Bus is unused. The 
memory addressing sequence and the 
transform length are determined by other 
parameters. The forward FFT is defined by: 

N - 1 
H(k) = E h(n)e-i 2crnk/N 
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CR1[14:11] (continued) 

1001 FIR 2 -Real. Finite Impulse Response 

filtering is done by performing a RAM 
based multiplication -accumulation on data 
and coefficients stored in external memory. 
Multiplication with accumulation is 
performed between filter coefficients input 
on the W-Bus and the RE and IM data. 
The RE and IM data are shifted down one 
location in memory with the final accumu- 
lated result written into location N - 1. 
Two separate data sets may be convolved 
simultaneously, using the RE and IM data 
and one filter coefficient data set. (See 
Applications section for more detailed 
descriptions of FIR operation.) The output 
is: 

N-1 

RE(i) 0Ut = RE(i + 1) in , RE(N-1) 0Ut = E RE(n)W^n) 
n = 0 

N-1 

IM(i) 0Ut = IM(i + 1) in , IM(N-1) 0Ut = E IMWW^n) 
n = 0 

1010 FIR Real/Imaginary. Finite Impulse Response 
filtering is done by performing a RAM 
based multiplication -accumulation on data 
and coefficients stored in external memory. 
Multiplication with accumulation is per- 
formed between filter coefficients input on 
the W-Bus, and the RE and IM data. The 
RE and IM data are shifted down one 
location in memory with the final accumu- 
lated result written into location N-1. 
When the next input sample is loaded into 
address N - 1 the operation may be 
re-STARTed to form the next sum. Two 
sets of coefficients are used, both input 
through the W-Bus, one for RE data and 
a second for IM data. (See Applications 
section for more detailed description of FIR 
Operation.) The data outputs are: 

N-1 

RE(i) 0Ut = RE(i + 1) in , RE(N-1) 0Ut = E RE^W^n) 
n = 0 

N-1 

IM(i) 0Ut = IM(i + 1) in , IM(N-1) 0Ut =E IM(n)W 2 (n) 
n = 0 



1011 FIR Adaptive. Adaptive FIR filtering allows 

concurrent updates to filter coefficients by 
the value specified on the W-Bus. The 
RE -Bus is used for input data and the 
IM-Bus used for filter coefficients. The 
W-Bus determines the coefficient update 
value [a). The data on the RE -Bus is 
multiplied, accumulated and shifted down 
one address in memory. The final con- 
volution result is output to address N-1. 
The next input sample is stored in address 
N - 1, and the operation re-STARTed to 
form the next sum. The filter coefficients, 
input on the IM-Bus, are modified and 
stored back to their original address 
locations as follows: 

*M{i) 0Ut = IM(i) jn (1-o-(i)) or, 

New Coefficient = [Old Coefficient] »[1 -update value] 

Update values are input on the W-Bus for 
each coefficient (during the read cycle). The 
data output is: 

N-1 

RE(i) 0Ut = RE(i + 1) inf RE(N-1) = E RE(k)IM(k) 
k = 0 

1100 FFT Real Window. An FFT is performed on 
complex data in external memory. During 
the first FFT pass, the RE and IM data are 
multiplied by the window coefficients input 
through the W-Bus. The real data window 
is applied to both the RE and IM data. The 
forward FFT with real windowing is defined 
by: 

N - 1 

H(k) = £ h(n)w(n)e-i 27rnk/N 
n = 0 

1101 I FFT Real Window. An Inverse FFT is 
performed on the complex data in external 
memory. During the first IFFT pass, the RE 
and IM data are multiplied by the window 
coefficients input through the W-Bus. The 
real data window is applied to both the RE 
and I M data. The inverse FFT with real 
windowing is defined by: 

N - 1 

h(n) = E H(k)w(k)e+i 27rnk/N 
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1110 Complex Multiplication + FFT. Prior to 
performing the FFT, a complex multiplication 
is performed between the RE and IM data 
and complex data stored in external 
memory input through the W-Bus. This 
operation requires one additional pass, 
compared to the FFT with Real Window, to 
complete the complex multiplication. 

1111 Complex Multiplication + IFFT. Prior to 
performing the inverse FFT, a complex 
multiplication is performed between the RE 
and IM data and complex data stored in 
external memory and input through the 
W-Bus. This operation requires one 
additional pass, compared to the IFFT with 
Real Window, to perform the complex 
multiplication. 



Single Transform Length CR1[10:8] 

000 Undefined 

001 16 data points (Recommended for Non-FFT/IFFT 
Operations) 

010 32 data points 

011 64 data points 

100 128 data points 

101 256 data points 

110 512 data points 

111 1024 data points 

This field defines the number of data points for a single 
transform. To reduce computational overhead, multiple 
transforms can be performed concurrently up to the 
1024 -point limit. This field sets the number of points 
for a single transform while the number of concurrent 
transforms is determined by Configuration Register 2 
(CR2[14:8]j. The total number of data points for any 
operation is obtained by multiplying the single transform 
length by the "number of transforms" in CR2: 

(Transform Length)* (No. of Transforms) =Total number of data points 

For all non -transform operations, use of transform 
length = 16 is recommended. This provides the 
maximum flexibility in selecting the size of the data set, 
allowing any number of points which is a multiple of 16 
(see Table 2). 



FFT Addressing Sequence CR1[7:6] 

00 No Bit -reverse (In -Place, Sequential Addressing) 
(Use for Non -FFT Operations) 



01 Bit -reverse address during first pass read 

10 Bit -reverse address during last pass write 

11 Bit -reverse address during first pass read and 
last pass write 

Several types of address sequences are available for 
transforms. Data scrambling is required when performing 
the FFT/IFFT If -the data is scrambled in memory prior to 
the start of the transform, then it can be done 
"in -place", thereby reducing the external memory 
requirements (see Applications). If data is stored in 
sequence, the TMC2310 must perform scrambling during 
the first pass of the transform (CR1[7:6] = 01 or 11). 
The scrambling amounts to a bit -wise reversing of the 
memory address. When performing the "bit -reversed" 
addressing, the user must provide additional memory for 
intermediate storage to avoid overwriting unused input 
data. The user must also store the window function in 
either bit -reversed or sequential order to match the 
ordering to the input data. (See Applications section.) 

Bit -reversing the memory address during the last data 
pass write (CR1[7:6] = 10 or 11) may be useful if the 
data will undergo additional FFT processing. The final 
results are placed in scrambled order in preparation for 
the next operation. 



Scaling Modes CR1[5] 

0 Auto Scaling 

1 Manual Scaling (Use for All Non -FFT Operations) 

This field determines the input data shifting. For multiple 
pass transforms using auto scaling, the input data is 
shifted by the number of bits set by the manual scale 
factor (CR1[4:3]) for the first pass or by the Last Pass 
Overflow scaler (W5_4) determined from the last pass 
of the previous operation (CR2[3]|. Subsequent passes 
shift the data based on the overflow of the previous 
pass. During each pass of the FFT, the maximum 
overflow (0-3 bits) is monitored as results are output to 
external memory. The overflow value is used as a shift 
count for incoming data on the next pass. The number 
of shifts performed during all passes (including the first 
pass) and the overflow from the final data pass are 
available on the W-Bus using the SCaler ENable control 
(SCEN). 

Use of manual scaling disables the overflow detec- 
tion circuitry and shifts input data on every pass. The 
shift amount for each pass is determined by the manual 
scale factor set in CR1[4:3]. 
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Manual Scale Factor CR1[4:3] 

00 Shift by 0 bits 

01 Shift by 1 bit 

10 Shift by 2 bits 

11 Shift by 3 bits 

This field specifies the number of shifts performed on the 
input data. In auto scaling, it defines the shift performed on 
the first data pass only. For manual scaling, the data is shifted 
by this value on each pass. If the Input Scaler Select (CR2[3l) 
is activated to use the Last Pass Overflow scaler, then the 
Manual Scale Factor will be overridden during the first data 



pass in either the Auto or Manual Scaling modes. Also, the 
initial or first pass shift factor specified for either Auto or 
Manual Scaling will not be included in the Data Block (Scaler) 
exponent. W[3:0]. The user must be cautious when 
performing manual scaling in order to avoid arithmetic errors 
due to incorrect scaling. (See Applications Section.) If the 
original data are all only 16-bits wide, then any initial scale 
factor may be used, with 0 yielding the best arithmetic noise 
performance. If one or more 19-bit values are included among 
the input data, an initial scale factor of 3 is need to guard 
against first-pass overflow. 



Configuration Register 2 (CR2) Format 



RE 



18-0 



18 


17 


16 


15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 


0 



BIT NUMBER 



Not Used (Don't Care) 

Input Scaler Select 

0 User defined input scaler (from CR1) 

1 Last Pass Overflow (previous operation) 

Memory RD Control Select 

0 RD toggles with valid output data 

1 RD option for Cmplx W-Bus operations 

Source/Target Memory Select (RAMSEL) 

00 Source: Bank A — Target: Bank A 

01 Source: Bank B — Target: Bank B 

10 Source: Bank A — Target: Bank B 

11 Source: Bank B — Target: Bank A 

Addressing Mode 

0 Normal Addressing 

1 Pipelined Addressing 

Number of Transforms 

Specifies the number of transforms 
for FFT and IFFTs. Single Transform 
size is set in CR1. For non-FFT modes 
the number of data points is: 

(Transform Size) • (Num. of Transforms) 
(See Table 2). 

Configuration Register Select 

1 Configuration Register 2 (CR2) 



Not Used (Don't Care) 
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Configuration Register 2 (CR2) 

Configuration Register 2 is used to define the operation of the 
RAMSEL and RD signals, the addressing modes and the total 
number of data points for each operation. 

Number of 16-Point Blocks CR2[14:8] 

0000000 Undefined 

bbbbbbb Number of 1 6-point transforms 

bbbbbbO Number of 32-point transforms 

bbbbbOO Number of 64-point transforms 



bbbbOOO Number of 1 28-point transforms 

bbbOOOO Number of 256-point transforms 

bbOOOOO Number of 51 2-point transforms 

1 000000 Single 1 024-point transform 

This parameter is used in conjunction with the single 
transform lingth set in CR1 . The total number of points is 
determined by multiplying this value by 16. The possible 
combinations of transform length and number of transform/ 
data points are specified in Table 2. 



Table 2. Possible Combinations of Transform Length and Number of Transforms 



Trans. Length 
CR1[10:8] 


Num. Blocks 
CR2[14:8] 


Number of FFT 
Transforms 


Number of Taps 
or Data Words 


XXX 


0000000 


Undefined for all transform sizes 


000 


xxxxxxx 


Undefined for all transform sizes 


001 16-Point 


0000001 


1 Transform 


16 Taps/Words 


0000010 


2 Transforms 


32 Taps/Words 


nnnnm 1 
UUUUU I I 


3 Transforms 


48 Taps/Words 


• 


• 
• 


• 
• 


1000000 


64 Transforms 


1024 Taps/Words 


010 32 -Point 


0000010 


1 Transform 


32 Taps/Words 


0000100 


2 Transforms 


64 Taps/Words 


0000110 


3 Transforms 


96 Taps/Words 


• 
• 


• 
• 


• 
• 


1000000 


32 Transforms 


1024 Taps/Words 


011 64 -Point 


0000100 


1 Transform 


64 Taps/Words 


0001000 


2 Transforms 


128 Taps/Words 


0001100 


3 Transforms 


192 Taps/Words 


• 
• 


• 
• 


• 

• 


1000000 


16 Transforms 


1024 Taps/Words 


100 128 -Point 


0001000 


1 Transform 


128 Taps/ Words 


0010000 


2 Transforms 


256 Taps/Words 


0011000 


3 Transforms 


384 Taps/Words 


• 
• 


• 
• 


• 

• 


1000000 


8 Transforms 


1024 Taps/Words 


101 256 -Point 


0010000 


1 Transform 


256 Taps/Words 


0100000 


2 Transforms 


512 Taps/Words 


0110000 


3 Transforms 


768 Taps/Words 


1000000 


4 Transforms 


1024 Taps/ Words 


110 51 2 -Point 


0100000 


1 Transform 


512 Taps/Words 


1000000 


2 Transforms 


1024 Taps/Words 


111 1024 -Point 


1000000 


1 Transform 


1024 Taps/Words 
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Addressing Mode CR2[7] 

0 Normal Addressing 

1 Pipelined Addressing 

This field selects the addressing mode for external 
memory access. In normal addressing, the memory 
address, RD, RAMSEL and the read/write data are output 
on the sa_me clock cycle. In pipelined addressing, the 
address, RD, and RAMSEL outputs appear one clock 
cycle prior to the data. This enables the system to setup 
one cycle in advance by externally registering the 
address and controls. In both modes, the WR strobe is 
synchronized with the data and is guaranteed to meet 
data setup and hold times. Pipelined addressing is 
supported for all device operations. (See Applications 
section.) 



Source/Target Memory Select CR2[6:5] 



00 


Source: 


Bank A (RAMSEL = 


HIGH) 




Target: 


Bank A (RAMSEL = 


HIGH) 


01 


Source: 


Bank B (RAMSEL = 


LOW) 




Target: 


Bank B (RAMSEL - 


LOW) 


10 


Source: 


Bank A (RAMSEL = 


HIGH) 




Target: 


Bank B (RAMSEL = 


LOW) 


11 


Source: 


Bank B (RAMSEL = 


LOW) 




Target: 


Bank A (RAMSEL = 


HIGH) 



This field allows the user to select the locations of the 
initial data inputs and the final data results in multiple 
memory bank systems. Use of banked memory systems 
allow I/O operations to be overlapped with arithmetic 
processing. RAMSEL allows the device to select between 
the two banks of memory (RAMSEL = HIGH indicating 
Bank A and RAMSEL = LOW indicating memory Bank 
B). It may also be used as an additional address line in 
paged memory systems. 

Transform operations require multiple data passes. The 
state of RAMSEL for each pass is based on the FFT 
addressing sequence (CR1[7:6]|, the pass number and the 
Source/Target Memory select. Passes involving 
bit -reversed addressing require that RAMSEL toggle 
between reading and writing to prevent overwriting 
unused data. The TMC2310 identifies passes involving 
bit -reversed addressing and sets RAMSEL accordingly. 
During a bit -reverse pass, the TMC2310 either reads 
data with RAMSEL = HIGH and outputs with 
RAMSEL = LOW, or, reads with RAMSEL = LOW and 
outputs with RAMSEL = HIGH. Systems utilizing 



bit -reversed addressing must use RAMSEL for memory 
control to obtain proper results. 

The operation of RAMSEL for transform operations is 
defined in tables 3, 4, 5 and 6. The state of RAMSEL is 
shown for each pass. The table indicates the logic level 
of RAMSEL for input and output during each pass. All 
single pass (non-FFT) operations (except FIR) allow the 
source and target data locations to be specified with this 
two-bit control parameter. 

For FIR filter operations, RAMSEL has been designed to 
differentiate device outputs between shifted data samples 
and the accumulated convolutional sum output at the 
end of each pass. When CR2[6:5] is set to "00" or 
"10" RAMSEL remains HIGH (Bank A) for all reads and 
writes (data shifting in memory) except during the last 
write. The last write of an FIR pass is the convolutional 
sum, which is output with 

RAMSEL = LOW. When CR2[6:5] is set to "01" or "11" 
RAMSEL remains LOW (Bank B) for all reads and writes 
except during the last output cycle when the sum result 
is written to memory with RAMSEL = HIGH. 

Upon power-up RESET RAMSEL will be in a HIGH 
state. Once CR2 has been loaded into the device, 
RAMSEL will reflect the Source/Target Memory Selection 
specified in CR2[6:5]. After the operation has been 
completed and the DONE flag has returned to a HIGH 
state, RAMSEL will return to the "Source" state 
designated in CR2[6:5] unless a RESET has been applied. 
RESET will clear CR2[5] and force RAMSEL HIGH. 

Application of the RESET command will clear CR2[5] and 
force RAMSEL = HIGH. CR2 must be loaded into the 
device to activate this option. 



Memory RD Control Select CR2[4] 

0 RD toggles to denote valid output results 

1 RD option for Complex W-Bus operations 

During all device operations, RD indicates the direction of 
the RE and IM data buses. When LOW, the TMC2310 is 
performing a read (input) operation, and a HIGH indicates 
a write (outputs enabled) operation. When the device 
performs operations requiring complex inputs to the 
W-Bus, real and imaginary inputs are time multiplexed 
on successive cycles. Wr inputs appear with the RE and 
IM data inputs (RD = LOW) while the Wj inputs appear 
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on the following cycle, when the device is outputting 
results (RD = HIGH). Due to the latency in the 
architecture of the device, however, results will not 
appear for at least seven cycles from the corresponding 
inputs. Under normal operations (CR2[4] = 0) the RD 
signal will not be activated until the first valid result 
appears, afterwhich RD will toggle on successive cycles. 
For operations that require complex W-Bus inputs 
CR2[4] can be set HIGH to allow the RD signal to toggle 
upon application of the START command. This will enable 
the Wr and W| inputs to be synchronized with the 
FALLING and RISING edge of the RD signal, respectively. 
For modes that_do not involve complex inputs to the 
W-Bus the RD Control Select should be set LOW. 

Application of the RESET command will clear CR2[4], 
therefore, CR2 must be loaded into the device to activate 
this option. 



Input Scaler Select (First Pass Only) CR2[3] 

0 First Pass Input Scaler defined in CM [4:3] 

1 Last Pass Overflow from previous operation used as 
Scaler Input 

Under normal operations, the input data scale factor 
must be specified for the first pass of any operation 
using the Manual Scale Factor CR1 [4:3]. For some 
applications, it may be necessary to perform 
additional signal processing functions on the existing 
data set. When activated (CR2[3] = 1), this option 
allows the Last Pass Overflow scaler from the 
previous operation to be used as the input scaler for 
the next operation. This feature eliminates the need 
to extract the W54 field from the W-Bus and will be 
useful to post process the data after a particular 
application. For example, the user may want to 
rescale the 19-bit data to 16 bits following an FFT 
operation. By activating this feature, the Last Pass 
Overflow scaler (from the FFT) will be used to 
rescale the data as it is input to the device for a 
multiplication 



by 1.0 (0.9999. . .). Additional operations that will 
benefit from this feature are MAGSQ or a filter multi- 
plication following the FFT. 

Application of the RESET command will clear CR2[3] and 
the scaler exponent field (W5_g). CR2 must be loaded 
into the device to activate this option. 

Tables 3,. 4, 5 and 6 show the operation of RAMSEL for 
multiple pass transforms. The state of RAMSEL is shown 
for read and write operations during each data pass. 

For example: 

16 -point FFT (Real or No Window] 

Source = Bank A; Target = Bank A (CR2[6:5] = 00) 
Bit -reverse addressing on first pass read (CR1 [7:6] = 01) 

Pass 0: Input data with RAMSEL = H (HIGH) 
Output data with RAMSEL = L (LOW) 
(Data moved from Bank A to Bank B) 

Pass 1: Input data with RAMSEL = LOW 
Output data with RAMSEL = HIGH 
(Data moved from Bank B back to Bank A) 

16- point Complex Multiply + FFT 

Source = Bank B; Target = Bank B (CR2[6:5] = 01) 
Bit -reverse addressing on first pass read (CR1 [7:6] = 01) 

Pass W: Input data with RAMSEL = L (LOW) 
Output data with RAMSEL = L (LOW) 
(Data remains in Bank B) 

Pass 0: Input data with RAMSEL = L (LOW) 
Output data with RAMSEL = H (HIGH) 
(Data moved from Bank B to Bank A) 

Pass 1: Input data with RAMSEL = HIGH 
Output data with RAMSEL = LOW 
(Data moved from Bank A back to Bank B) 

The tables are valid for single and multiple transforms, 
however, RAMSEL operation is determined by the single 
transform size only. 
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Table 3a. RAMSEL Operation for Source = Bank A (RAMSEL=HIGH); Target = Bank A (RAMSEL=HIGH) 
Operation: FFT/IFFT Real or No Windowing 



Source/Target 


Addressing 


Single 


Pass 0 1 


Pass 1 


Pass 2 


Pass 3 


Pass 4 




ocq. l»nll#.DJ 


Tr'incfnrm CS7A 


Rood /\A/r!to 


Qnarl/lAfrito 

neaa/ wnie 


Raarl /lAlrito 

neaQ/ Wlllc 


Roarl/IAfrifrn 
rtcdU/ VVlllc 


Roarl /1AI rito 
ncdO/ VVlllc 


00 


00 


16 


H/H 


H/H 












32 


H/H 


H/H 


H/H 










64 


H/H 


H/H 


H/H 










128 


H/H 


H/H 


H/H 


H/H 








256 


H/H 


H/H 


H/H 


H/H 








512 


H/H 


H/H 


H/H 


H/H 


H/H 






1024 


H/H 


H/H 


H/H 


H/H 


H/H 




01, 10 or 11 


16 


H/L 


L/H 












32 


H/L 


L/L 


L/H 










64 


H/L 


L/L 


L/H 










128 


H/L 


L/L 


L/L 


L/H 








256 


H/L 


L/L 


L/L 


L/H 








512 


H/L 


L/L 


L/L 


L/L 


L/H 






1024 


H/L 


L/L 


L/L 


L/L 


L/H 



Note: 1. H = HIGH 
L = LOW 



Table 3b. RAMSEL Operation for Source = Bank A (RAMSEL = HIGH); Target = Bank A (RAMSEL = HIGH) 
Operation: Complex Multiply + FFT/IFFT 



Source/ 


Addressing 


Single 


Pass W 12 












Target 


Sequence 


Transform 


Pass 0 


Pass 1 


Pass 2 


Pass 3 


Pass 4 


CR2[6:5] 


CM [7:6] 


Size 


Read/Write 


Read/Write 


Read/Write 


Read/Write 


Read/Write 


Read/Write 


00 


00 


16 


H/H 


H/H 


H/H 












32 


H/H 


H/H 


H/H 


H/H 










64 


H/H 


H/H 


H/H 


H/H 










128 


H/H 


H/H 


H/H 


H/H 


H/H 








256 


H/H 


H/H 


H/H 


H/H 


H/H 








512 


H/H 


H/H 


H/H 


H/H 


H/H 


H/H 






1024 


H/H 


H/H 


H/H 


H/H 


H/H 


H/H 




01, 10 or 11 


16 


H/H 


H/L 


L/H 












32 


H/H 


H/L 


L/L 


L/H 










64 


H/H 


H/L 


L/L 


L/H 










128 


H/H 


H/L 


L/L 


L/L 


L/H 








256 


H/H 


H/L 


L/L 


L/L 


L/H 








512 


H/H 


H/L 


L/L 


L/L 


L/L 


L/H 






1024 


H/H 


H/L 


L/L 


L/L 


L/L 


L/H 



Notes: 1. H = HIGH 
L = LOW 

2. Pass "W" is the complex multiplication pass for FFT/IFFTs that perform complex multiplication prior to the transform. 
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Table 4a. RAMSEL Operation for Source = Bank B (RAMSEL=LOW); Target = Bank B (RAMSEL=LOW) 
Operation: FFT/IFFT Real or No Windowing 



Source/Target 


Addressing 


Single 


Pass 0 1 


Pass 1 


Pass 2 


Pass 3 


Pass 4 


CR2[6:5] 

& 


Seq. CR1[7:6] 


Transform Size 


Read/Write 


Read/Write 


Read/Write 


Read/Write 


Read/Write 


01 


00 


16 


L/L 


L/L 












32 


L/L 


L/L 


L/L 










64 


L/L 


L/L 


L/L 










128 


L/L 


L/L 


L/L 


L/L 








256 


L/L 


L/L 


L/L 


L/L 








512 


L/L 


L/L 


L/L 


L/L 


L/L 






1024 


L/L 


L/L 


L/L 


L/L 


L/L 




01, 10 or 11 


16 


L/H 


H/L 












32 


L/H 


H/H 


H/L 










64 


L/H 


H/H 


H/L 










128 


L/H 


H/H 


H/H 


H/L 








256 


L/H 


H/H 


H/H 


H/L 








512 


L/H 


H/H 


H/H 


H/H 


H/L 






1024 


L/H 


H/H 


H/H 


H/H 


H/L 



Note: 1. H = HIGH 
L = LOW 



Table 4b. RAMSEL Operation for Source = Bank B (RAMSEL = LOW); Target = Bank B (RAMSEL = LOW) 
Operation: Complex Multiply + FFT/IFFT 



Source/ 


Addressing 


Single 


Pass W 12 












Target 


Sequence 


Transform 


Pass 0 


Pass 1 


Pass 2 


Pass 3 


Pass 4 


CR2[6:5] 


CR1[7:6] 


Size 


Read/Write 


Read/Write 


Read/Write 


Read/Write 


Read/Write 


Read/Write 


01 


00 


16 


L/L 


L/L 


L/L 












32 


L/L 


L/L 


L/L 


L/L 










64 


L/L 


L/L 


L/L 


L/L 










128 


L/L 


L/L 


L/L 


L/L 


L/L 








256 


L/L 


L/L 


L/L 


L/L 


L/L 








512 


L/L 


L/L 


L/L 


L/L 


L/L 


L/L 






1024 


L/L 


L/L 


L/L 


L/L 


L/L 


L/L 




01, 10 or 11 


16 


L/L 


L/H 


H/L 












32 


L/L 


L/H 


H/H 


H/L 










64 


L/L 


L/H 


H/H 


H/L 










128 


L/L 


L/H 


H/H 


H/H 


H/L 








256 


L/L 


L/H 


H/H 


H/H 


H/L 








512 


L/L 


L/H 


H/H 


H/H 


H/H 


H/L 






1024 


L/L 


L/H 


H/H 


H/H 


H/H 


H/L 



Notes: 1. H = HIGH 
L = LOW 

2. Pass "W" is the complex multiplication pass for FFT/IFFTs that perform complex multiplication prior to the transform. 
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Table 5a. RAMSEL Operation Source = Bank A; Target = Bank B 
Operation: FFT/IFFT Real or No Windowing 



Source/Target 


Addressing 

C ori PPin.Kl 


Single 
Transform Size 


Pass 0 1 
neao/ write 


Pass 1 

Qnorj /lAlritn 

neao/ write 


Pass 2 

Doorl/IAIrito 
nedd/ VVNlc 


Pass 3 

Roorl/lAlrito 
ncdO/ VVlllc 


Pass 4 

Dnarl /UV/rito 

ncdQ/ VVlllc 


10 


00, 01 


16 


H/L 


L/L 












32 


H/L 


L/L 


L/L 










64 


H/L 


L/L 


L/L 










128 


H/L 


L/L 


L/L 


L/L 








256 


H/L 


L/L 


L/L 


L/L 








512 


H/L 


L/L 


L/L 


L/L 


L/L 








LI /I 

H/L 


L/L 


i /i 

L/L 


i /i 

L/L 


i /i 

L/L 




10 


16 


H/H 


H/L 












32 


H/H 


H/H 


H/L 










64 


H/H 


H/H 


H/L 










128 


H/H 


H/H 


H/H 


H/L 








256 


H/H 


H/H 


H/H 


H/L 








512 


H/H 


H/H 


H/H 


H/H 


H/L 






1024 


H/H 


H/H 


H/H 


H/H 


H/L 




11 


16 


Not Allowed 














32 


H/L 


L/H 


H/L 










64 


H/L 


L/H 


H/L 










128 


H/L 


L/H 


H/H 


H/L 








256 


H/L 


L/H 


H/H 


H/L 








512 


H/L 


L/H 


H/H 


H/H 


H/L 






1024 


H/L 


L/H 


H/H 


H/H 


H/L 



Note: 1. H = HIGH 
L = LOW 
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Table 5b. RAMSEL Operation Source = Bank A; Target = Bank B 
Operation: Complex Multiply + FFT/IFFT 



Source/ 


Addressing 


Single 


Dae. lAf 1 2 

rass W 1 > L 












Target 


Sequence 


Transform 


Pass 0 


Pass 1 


Pass 2 


Pass 3 


Pass 4 


CR2[6:5] 


CR1 [7:6] 


Size 


Read/Write 


Read/Write 


Read/Write 


Read/Write 


Read/Write 


Read/Write 


m 

IU 


nn 
UU 


lb 


H/L 


L/L 


L/L 












oZ 


H/L 


L/L 


L/L 


L/L 










RA 
04 


U /I 

H/L 


L/L 


L/L 


L/L 










10Q 
I/O 


U/l 

H/L 


i /i 
L/L 


L/L 


L/L 


L/L 








ZOO 


U/l 

n/L 


i ii 
L/L 


L/L 


L/L 


L/L 








512 


H/L 


L/L 


L/L 


L/L 


L/L 


L/L 






1024 


H/L 


L/L 


L/L 


L/L 


L/L 


L/L 




Ul 


1R 
ID 


u /u 
n/n 


H/L 


L/L 












00 

OC. 


u/u 
n/n 


U/l 

H/L 


L/L 


L/L 










RA 


u/u 
n/n 


U /I 

n/L 


L/L 


L/L 










10Q 
IZo 


u/u 
n/n 


U /I 

H/L 


L/L 


L/L 


L/L 








OKR 
ZOO 


u/u 
n/n 


H/L 


L/L 


L/L 


L/L 








512 


H/H 


H/L 


L/L 


L/L 


L/L 


L/L 






1024 


H/H 


H/L 


L/L 


L/L 


L/L 


L/L 




m 
IU 


1R 

lb 


U IU 

n/n 


H/H 


H/L 












oZ 


H/H 


H/H 


H/H 


H/L 










RA 


u /u 
n/n 


H/H 


H/H 


H/L 










10Q 

IZo 


u /u 
n/n 


H/H 


H/H 


H/H 


H/L 








OCR 

zob 


u/u 
n/n 


H/H 


H/H 


H/H 


H/L 








512 


H/H 


H/H 


H/H 


H/H 


H/H 


H/L 






1024 


H/H 


H/H 


H/H 


H/H 


H/H 


H/L 




11 


16 


Not Allowed 
















32 


H/H 


H/L 


L/H 


H/L 










64 


H/H 


H/L 


L/H 


H/L 










128 


H/H 


H/L 


L/H 


H/H 


H/L 








256 


H/H 


H/L 


L/H 


H/H 


H/L 








512 


H/H 


H/L 


L/H 


H/H 


H/H 


H/L 






1024 


H/H 


H/L 


L/H 


H/H 


H/H 


H/L 



Notes: 1. H = HIGH 
L = LOW 

2. Pass "W" is the complex multiplication pass for FFT/IFFTs that perform complex multiplication prior to the transform. 
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Table 6a. RAMSEL Operation Source = Bank B; Target = Bank A 
Operation: FFT/IFFT Real or No Windowing 



Source/Target 
CR2[6:5] 


Addressing 
Seq. CM [7:6] 


Single 
Transform Size 


Pass 0 1 
Read/Write 


Pass 1 
Read/Write 


Pass 2 
Read/Write 


Pass 3 
Read/Write 


Pass 4 
Read/Write 


11 


00, 01 


16 


L/H 


H/H 












32 


L/H 


H/H 


H/H 










64 


L/H 


H/H 


H/H 










128 


L/H 


H/H 


H/H 


H/H 








256 


L/H 


H/H 


H/H 


H/H 








512 


1 IU 

L/H 


H/H 


u /u 
H/H 


U IU 

H/H 


U IU 

H/H 






1024 


L/H 


H/H 


H/H 


H/H 


H/H 




10 


16 


L/L 


L/H 












32 


L/L 


L/L 


L/H 










64 


L/L 


L/L 


L/H 










128 


L/L 


L/L 


L/L 


L/H 








256 


L/L 


L/L 


L/L 


L/H 








512 


L/L 


L/L 


L/L 


L/L 


L/H 






1024 


III 


L/L 


L/L 


L/L 


L/H 




11 


16 


Not Allowed 














32 


L/H 


H/L 


L/H 










64 


L/H 


H/L 


L/H 










128 


L/H 


H/L 


L/L 


L/H 








256 


L/H 


H/L 


L/L 


L/H 








512 


L/H 


H/L 


L/L 


L/L 


L/H 






1024 


L/H 


H/L 


L/L 


L/L 


L/H 



Note: 1. H = HIGH 
L = LOW 
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Table 6b. RAMSEL Operation Source = Bank B; Target = Bank A 
Operation: Complex Multiply + FFT/IFFT 



Source/ 


Addressing 


Single 


Pass W 12 












Target 


Sequence 


Transform 


Pass 0 


Pass 1 


Pass 2 


Pace 1 


Pass 4 


CR2[6:5] 


CR1[7:6] 


Size 


Read/Write 


Read/Write 


Read/Write 


Read/Write 


Read/Write 


Read/Write 


11 


00 


16 


L/H 


H/H 


H/H 












32 


L/H 


H/H 


H/H 


H/H 










64 


L/H 


H/H 


H/H 


H/H 










128 


L/H 


H/H 


H/H 


H/H 


H/H 








256 


L/H 


H/H 


H/H 


H/H 


H/H 








512 


L/H 


H/H 


H/H 


H/H 


H/H 


H/H 






1024 


L/H 


H/H 


H/H 


H/H 


H/H 


H/H 




01 


16 


L/L 


L/H 


H/H 












32 


L/L 


L/H 


H/H 


H/H 










64 


L/L 


L/H 


H/H 


H/H 










128 


L/L 


L/H 


H/H 


H/H 


H/H 








256 


L/L 


L/H 


H/H 


H/H 


H/H 








512 


L/L 


L/H 


H/H 


H/H 


H/H 


H/H 






1024 


L/L 


L/H 


H/H 


H/H 


H/H 


H/H 




10 


16 


L/L 


L/L 


L/H 












32 


L/L 


L/L 


L/L 


L/H 










64 


L/L 


L/L 


L/L 


L/H 










128 


L/L 


L/L 


L/L 


L/L 


L/H 








256 


L/L 


L/L 


L/L 


L/L 


L/H 








512 


L/L 


L/L 


L/L 


L/L 


L/L 


L/H 






1024 


L/L 


L/L 


L/L 


L/L 


L/L 


L/H 




11 


16 


Not Allowed 
















32 


L/L 


L/H 


H/L 


L/H 










64 


L/L 


L/H 


H/L 


L/H 










128 


L/L 


L/H 


H/L 


L/L 


L/H 








256 


L/L 


L/H 


H/L 


L/L 


L/H 








512 


L/L 


L/H 


H/L 


L/L 


L/L 


L/H 






1024 


L/L 


L/H 


H/L 


L/L 


L/L 


L/H 



Notes: 1. H = HIGH 
L = LOW 



2. Pass "W" is the complex multiplication pass for FFT/IFFTs that perform complex multiplication prior to the transform. 
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Figure 3. Input/Clock Timing 
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Figure 7. RESET Timing 
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Figure 8. Configuration Register Load Timing 
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Figure 9. START Timing (Shown for FFT/IFFT with Windowing) 
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Figure 10. DONE Timing (Shown for FFT/IFFT) 
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Figure 11. TMC2310 Overall Timing Diagram - Normal Addressing 
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Figure 12. TMC2310 Overall Timing Diagram - Pipelined Addressing Re|atjve c|ock and CMD(0-1) Tjmjng Djagram 
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Figure 13. Equivalent Input Circuit 
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Figure 14. Equivalent Output Circuit 
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Absolute maximum ratings (beyond which the device may be damaged) 1 



Supply Voltage -0.5 to +7.0V 

Input Voltage -0.5 to (V DD + 0.5)V 



Output 

Applied voltage 2 -0.5 to (V DD + 0.5)V 

Forced current 34 -3.0 to 6.0mA 

Short-circuit duration (single output in HIGH state to ground) 1 sec 



Temperature 

Operating, case -60 to +130°C 

junction +175°C 

Lead, soldering (10 seconds) 300°C 

Storage -65 to +150°C 



Notes: 

1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 
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Operating conditions 





Temperature Range 






Standard 


Extended 












-1 










Parameter 


Min 


Nom 


Max 


Min 


Nom 


Max 


Min 


Nom 


Max 


Units 


Vqq Supply Voltage 


4.75 


5.0 


5.25 








4.5 


5.0 


5.5 


V 


tQY Clock Cycle Time 


50 






50 






66 






ns 


t PWH Clock Pulse Width HIGH 


25 






25 






30 






ns 


t PWL Clock Pulse Width LOW 


20 






20 






25 






ns 


t5 Input Setup Time 


7 






9 






11 






ns 


t^ Input Hold Time 


1 






2 






2 






ns 


V||_ Input Voltage, Logic LOW 






0.8 












0.8 


V 


V !H Input Voltage, Logic HIGH 


2.0 












2.0 






V 


V mc Input Voltage, Clock HIGH 


2.2 












2.3 






V 


Iq L Output Current, Logic LOW 






4.0 












4.0 


mA 


IqI_I Output Current, Logic HIGH 






-2.0 












-2.0 


mA 


T^ Ambient Temperature, Still Air 


0 




70 














°C 


Tq Case Temperature 














-55 




125 


°c 



DC characteristics within specified operating conditions 1 







Temperature Range 








Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


Iqqq Supply Current, Quiescent 


Vqq = Max, V )N = 0V, DONE = HIGH 




5 




10 


mA 


'DDU S u PP'y Current, Unloaded 


Vqq = Max, f = 20MHz 




150 




160 


mA 


l(l_ Input Current, Logic LOW 


V DD = Max, V, N = 0V 




-10 




-10 




l|l_l Input Current, Logic HIGH 


V DD = Max, V| N = Vqq 




10 




10 


fib 


V 0L Output Voltage, Logic LOW 


VQQ = Min, Iq|_ = 4itiA 




0.4 




0.4 


V 


Vqh Output Voltage, Logic HIGH 


VQQ = Min, Iqh = -2mA 


2.4 




2.4 




V 


IqZL Hi-Z Output Leakage Current, Output LOW 


Vqq = Max, V, N = 0V 




-20 




-20 


/iA 


IqZh Hi-Z Output Leakage Current, Output HIGH 


V DD = Max, V| N = V DD 




20 




20 


/tA 


IqS Short-Circuit Output Current 


Vqq = Max, Output HIGH, one pin 
to ground, one second duration max. 




-180 




-180 


mA 


'OSW Short-Circuit Output Current for WR 


Vqq = Max, Output HIGH, one pin 
to ground, one second duration max. 




-180 




-180 


mA 


C| Input Capacitance 


T A = 25°C, f=1MHz 




10 




10 


PF 


Cq Output Capacitance 


T A =25°C, f=1MHz 




10 




10 


pF 



Note: 1. Actual test conditions may vary from those shown, but guarantee operation as specified. 
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Switching characteristics within specified operating conditions 1 



Parameter 


Test Conditions 


Temperature Range 


Units 


Standard 


Extended 


Min 


Max 


-1 


Min 


Max 


Min 


Max 


to Delay Clock to Output 


vdd = IViri, Load = 2opr 
RE] 8-0, IM]8-0 




19 




20 




25 


ns 


ADg_o, RAMSEL 




18 




18 




20 


ns 


RD, DONE 




15 




16 




18 


ns 


Scaler (W5..0) 




32 




38 




40 


ns 


tHO Output Hold Time 


VoD = Min, Load = 25pF 
RE18-O' IM18-O 


4 








2 




ns 


ADg_o, RAMSEL 


4 








2 




ns 


RD, DONE 


2 








2 




ns 


Scaler (W5.0) 


5 








5 




ns 


tSA Setup Time ADg_o to WR LOW 


VoD = Min, Load = 25pF 


0 








0 




ns 


tHA Hold Time ADg_ 0 to WR HIGH 


VQD = Min, Load = 25pF 


10 








5 




ns 


t$D Setup Time Data to WR HIGH 
(Data Valid to end of WR) 


VoD = Min, Load = 25pF 


24 








22 




ns 


tun Hnlri Timo Data tn WR MIRM 

'■rlD nuiu i ime uaia 10 vvn niun 
(Data Hold from end of WR) 


Vqq = Min, Load = 25pF 


10 








10 




ns 


tpwR WR Pulse Width LOW 


VQD = Min, Load = 25pF 


15 








14 




ns 


tDWL Delay, Clock HIGH to WR LOW 


VoD = Min, Load = 25pF 


11 


25 






10 


28 


ns 


tQWH Delay, Clock LOW to WR HIGH 


VDD = Min, Load = 25pF 


7 


18 








22 


ns 


l ENA Three-State Enable Delay 


VoD = Min, Load = 25pF 




20 








21 


ns 


tDIS Three-State Disable Delay 


VoD = Min, Load = 25pF 




14 








16 


ns 



Note: 1. All transitions are measured at a 1.5V level except for tnjs and t£NA- 
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Table 7. Performance Benchmarks 



Operation 


Number 
of Points 


Execution 1 
Cycles 


Execution Cycles 
(Multiple Transform Mode) 


Execution 
Time (20MHz) 


Execution Time (20MHz) 
(Multiple Transform) 


FFT/IFFT 


16 


87 


64/Transform + 23 


4.35 


3.2 piS/Transform + 1.25 nS 


(Real Window/No Window) 


32 


223 


192/Transform + 31 


1 1.1.5 /tS 


9.6 /iS/Transform + 1.55 /*S 




64 


415 


384/Transform + 31 


20.75 /iS 


19.2 J ttS/Transform + 1.55 AiS 




128 


1063 


1024/Transform + 39 


53.15 fiS 


51 .2 ^S/Transform + 1 .95 nS 




256 


2087 


2048/Transform + 39 


1 04.35 fiS 


1 02.4 ^S/Transform + 1 .95 fiS 




512 


5167 


5120/Transform + 47 


258.35 


256.0 ^S/Transform + 2.35 /*S 




1024 


10,287 


N/A 


514.35 /iS 


N/A 


FFT/IFFT 


16 


132 


96/Transform + 36 


6.6 /*S 


4.8 ^S/Transform + 1 .8 jtS 


(w/Complex Multiply) 


32 


300 


256/Transform + 44 


15.0>S 


12.8 ^/Transform + 2.2 ft 




64 


556 


512/Transform + 44 


27.8 fiS 


25.6 ^S/Transform + 2.2 i*S 




128 


1332 


1280/Transform + 52 


66.6 fiS 


64.0 jaS/Transform + 2.6 fiS 


FIR Filtering 






2 Cycles/Point + 9 




100ns/Point + 450ns 


Multiplication 












Multiply -Accumulate 












Magnitude Squared 






2 Cycles/Point + 15 




100ns/Point + 750ns 



Note: 1. Execution times are valid for all FFT addressing and scaling modes. 

Execution time is defined as the number of clocks from CMD = START until DONE = HIGH (see below). 
The number of clock cycles is obtained in the following manner: 

Clock Cycles = (Num. of Passes) • (2»Total Num. of Points) + (Num. of Passes) • 8 + 7 
= (2»Total Num. of Butterflies) + (Processing Overhead). 



Figure 15. Execution Cycle Time 



EXECUTION TIME 




Note: 1 . For multiple transforms, the total time can be obtained by multiplying the value in the table by the number of concurrent transforms. 
Example: 16 transforms of length 64 -points: 

From Table 7.: 384 clocks per transform + 31 cycles overhead. 
Therefore, the total number of cycles is: 

Total = (384/transform) • (16 transforms) + 31 = 6175 cycles. 
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Applications 
Data Formats 

The input and output data formats are shown in 
Figure 16. Data are output on the RE and IM buses 
using the two's complement 19-bit data format. 
Input data must conform to the specified 16-bit data 
format detailed in Figure 16. During the first pass of 
any operation data input on the RE and IM buses 
may require scaling in order to be processed 
correctly by the device's arithmetic elements. Data 
input scaling parameters are specified according to 
the manual scale control set in CR1 or the input 
scaler select set in CR2. Only the sixteen Least 
Significant Bits (LSBs) or "shifted" LSBs can be 
used safely in the arithmetic elements. If no data 
shift is performed, bits RE15 and IM15 must be sign 
extended into the three Most Significant bits (RE18- 
16* IM18-16) to conform to the internal two's 
complement data buses. To perform FFTs the 
device supports an 18 x 17-bit multiply. However, 
inputs exceeding the 16-bit formats shown above 
may produce an intermediate overflow within the 
device's arithmetic elements. 

The user is responsible for monitoring and 
accommodating data overflow for single pass 
instructions and for multiple pass transforms which 



utilize manual scaling. During multiple pass 
transforms, shifting can also be performed 
automatically (except for the first pass) by selecting 
the auto scale feature. If an operation may cause an 
overflow, sufficient memory width must be provided 
or data shifting performed to prevent loss of 
significant data. However, certain operation never 
cause overflow. For example, multiplication of two 
inputs which are both less than 1 .0 will produce a 
result of less than 1 .0. Since the MSBs of the output 
will always be a sign extension of the result, they 
can be ignored. This can simplify the memory 
arrangement by allowing the use of 16-bit memory 
systems (see Interfacing to Memory). 

The W-Bus data may be reduced to 16-bit format to 
simplify memory interfacing. To maintain maximum 
accuracy, this can be accomplished in one of two 
ways. If using only positive window or filter 
coefficients, the MSB (W^e) may be connected to 
GND through a pull-down resistor (see Interfacing to 
16-Bit Memory Systems). If both positive and 
negative coefficients are used, the LSB (Wo) can be 
connected to GND through a pull-down resistor. 



Figure 16. Data Bus Formats 

19- BIT Fractional Output Data Format (RE, IM) 



18 


17 


16 


15 


14 


13 


12 


11 


10 




1 


0 


-2 s 


22 


2 1 


2° 


2" 1 


2" 2 


2* 


2" 4 


2-5 


• • • 


2-u 


2 -15 


16-Bit Fractional Input Data Format {RE, IM) with 3-Bit Sign Extension 
18 17 16 15 14 13 12 11 10 


1 


0 


-2° 


-2° 


-2° 


-2° 


2" 1 


2 2 


2* 


2-4 


2 -5 


• • • 


2-14 


2-15 


W-Bus 17-Bit Input Data Format 
W 16 W 1S W 14 


w w 


w 12 


W 11 


w 19 




w 1 


w 9 






-2° 


2" 1 


2 2 


2 -3 




2-s 


2 -6 


• • • 


2"15 


2-16 



65-6455 



3-290 



Raytheon Semiconductor 



For More Information call 1-800-722-7074. 



TMC2310 



FIR Filter Operation 

The TMC2310 performs both adaptive and non-adaptive 
coefficient Finite Inpulse Response (FIR) filters by per- 
forming a linear convolution between filter coefficients 
and input data. External data memory is used to store 
data samples and coefficients. For an N-tap filter, the 
data (RE, IM) memory retains the N most recent data 
samples and the window/coefficient memory stores the 
N filter coefficients. 

The output of an N-tap, FIR filter is given by the convo- 
lution equation: 

N-1 

y(n-N + 1) = E h(k)x(n-k) 
k=0 

The convolution is accomplished by multiplying data in 
the RE and IM memories with filter coefficients stored in 
external RAM or ROM and input on the W-Bus. During 
the multiplication/accumulation, the RE and IM data are 
shifted down in memory by one address in preparation 
for the next pass. 

At the start of a pass, the N-most recent data samples 
(x(n)) are stored in memory addresses from 0 through 
N-1 in ascending order (oldest sample in address 0). 



The filter coefficients are stored in window/coefficient 
memory in corresponding addresses but in reversed 
order. After the START command, the coefficients and 
data are multiplied and accumulated term-by-term, while 
each value in RE and IM memory is shifted down by 
one memory location (with RAMSEL= HIGH). Upon com- 
pletion of the pass, the RE and IM data have been 
shifted by one location, and the final accumulated result 
(y(n)) is output to address=N-1 with RAMSEL=LOW. 
In preparation for the next pass, the result at memory 
address N-1 is read by the host system. Execution stops 
at the end of each pass to allow time to read this result 
and to load the next data sample. To produce the next 
convolution output, this new data input is stored in 
location N-1, and a START command is re-issued. This 
operation is repeated for each output point y(n). 

A diagram of the ordering of data samples and filter 
coefficients before and after successive passes is shown 
in Figure 17. An examination of the arrangement of 
coefficients (h(k)) and data samples (x(n)) shows that the 
FIR filter equation is calculated by summing the product 
of filter coefficients and data points in corresponding 
addresses. 



Figure 17. FIR Filter Operation 
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FIR Filter Operation (cont.) 

The filter order (tap length) is set by the "single trans- 
form length" and "number of transform" parameters in 
CR1 and CR2 respectively. The allowable filter sizes are 
16 to 1024 taps, in multiples of 16. The throughput rate 
is two clock cycles per tap, per channel. 

Both the 2-Real and Real/Imaginary FIR filtering are 
performed as described above. The "FIR 2-Real" 
(CR1 [14:11] = 1001) instruction utilizes one set of filter 
coefficients for both the REig.g and IMig_rj data. The 
FIR Real-Imaginary instruction allows the use of separate 
filter coefficients for RE and IM data. This allows 
simultaneous filtering of two independent Real data sets 
with different filter functions. Coefficients for each set 
are input on alternate clock cycles through the W-Bus 
with the use of the RD option available in 
CR2[4]. 

Adaptive FIR Filtering 

Adaptive FIR filtering modifies the filter coefficients 
concurrently with the convolution. Adaptive filtering 
operates differently from non-adaptive FIR filtering. 
As indicated before, the output y(n) f can be obtained 
by convolving input data with filter coefficients: 

N-1 

y(n) = £ h'(k)x(n-k) 
k=0 



Adaptive filters produce an error term for each filter 
output: 

[Actual Filter Output] - [Desired Filter Output] = Error 

or, 

y(n)-y(n)' = a(n) 

The error term is used to update the filter coefficients 
for the next data pass. The memory arrangement for 
adaptive filtering uses the RE memory for data storage 
and IM memory for existing and modified filter coeffi- 
cients. During the pass, the data (x(n)) are shifted down 
one address in memory while the product of data and 
coefficients is being accumulated (with RAMSEL=HIGH). 
Concurrent with the determination of the convolution 
sum and the data shifting in the RE data memory, the 
filter coefficients are modified by the function: 

h'(n) = [1-a(n)]h(n) 

Where the h' are the filter coefficients used for the next 
pass. 

The update value a is input on the W-Bus on every read 
cycle and the modified filter coefficients are stored in IM 
memory The operation is shown in Figure 18. 



Figure 18. Adaptive Filtering 
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Note: 1. W-Bus input = a(n) 
h'(k) = h(k|[1-ff(n|] 
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Interfacing to Memory 



Using the TMC2310 with Lower Resolution Data 

The TMC2310 allows data inputs of up to 16 bits for all 
operations without the risk of an internal overflow. When 
using data values that are smaller than 16 bits it is 
recommended that they be placed in the upper MSBs of 
the RE and IM data ports. For instance, when using 
12 -bit initial inputs for an FFT operation the real and 
imaginary data should be placed on both RE-|q_7 and 
IMi8_7, respectively. Using the upper MSBs of each 
19 -bit data port allows the device to operate in either 
the AUTO or MANUAL scale mode. Configuration 
Register 1, CR1[4:3], must be set to perform a right shift 
of 3 bits on the data input during the first pass. Results 
from the first pass have the potential of growing up to 
19 bits, therefore, to maintain maximum precision the 
outputs should be contained in 19 -bit wide memory. 



external memory in order to increase arithmetic precision 
and minimize roundoff error. To obtain the best results, 
the memory system should support all 19 data bits. In 
order to reduce the number of memory devices, the 
system can be configured with 16 -bit wide data 
memories. While this configuration may reduce system 
size and cost, there will be a decrease in accuracy due 
to truncation of the output data. In a 16 -bit memory 
system, data should be left-justified (connected to the 
16 MSBs) with the 3 LSBs connected to pull-up (or 
pull -down) resistors. Configuration Register 1 is 
programmed to perform auto or manual data scaling with 
a right shift of 3 bits performed on the data during the 
first pass (CR[4:3] = 11). The 16 MSBs of the output are 
stored into memory, truncating the three LSBs. 



Initial data inputs can be connected to the 12 LSBs, 
however, since the device uses a two's complement data 
format each input must be sign extended into REig and 
IM-ig, the MSBs. For operations that require multiple 
passes (i.e., FFT/IFFT) intermediate results will carry less 
precision. This will result in a reduction in the overall 
accuracy of the transform operation. 

Interfacing to 16 -Bit Memory Systems 

The TMC2310 outputs 19 bits of significant data to 



In systems utilizing data windowing, the user may 
connect either the LSB or the MSB of the W-Bus to 
ground through a pull -down resistor of 5 kOhms. If 
both positive and negative window values are to be 
used, the MSB is required (two's complement format) 
and the LSB may be grounded. For positive magnitude 
window functions, the MSB will always be zero, and can 
therefore be connected to ground through a 5 kOhm 
resistor. 



Figure 19. Interfacing to 16 -Bit Memories 
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Pipelined vs. Non- Pipelined Addressing 

Operation of the TMC2310 at its maximum clock rate 
requires the use of high-speed data memory. By 
including a special addressing mode, slower memory can 
be used by the addition of high-speed external address 
registers. The TMC2310 has been designed to allow the 
user to make system tradeoffs between memory cost and 
device count. 

Normally, a memory address is output and the data 
strobed into or out of memory within a single clock 
cycle. Therefore, the following relationship must be met: 

l CY [t DO (TMC2310 Addr. Out)+t ACC (memory)+t s (TMC2310 Data In)] 

or equivalently, the memory access time must meet the 
requirement: 

t ACC (memory) [t CY - t D (TMC231 0) - t s (TMC231 0)] 

Use of the "Pipelined Addressing" mode alters the above 
relationship. In pipelined mode, the address and controls 
(RD and RAMSEL) appear one cycle earlier. For a read 
operation, the data will be input to the TMC2310 on the 
following _cycle. For a write operation, the output data 
and the WR strobe will occur one cycle after the 
address and controls. For proper synchronization, the 
address, RD and RAMSEL outputs must be externally 
registered. The requirement for external memory speed 
becomes: 



t/\cc( mem o r Y) [tcY-tD( external register) -ts(TMC23 10)] 

By substitution of the appropriate parameters into the 
above equation, it can be seen that the use of an 
external high-speed register ('AS374, F374, etc.) results 
in a substantial reduction of memory speed (access time) 
requirements. 



Typical System Configuration 

Figure 20 shows a typical system configuration utilizing 
many of the described techniques. The system includes 
"pipelined addressing", evident by the use of external 
registers on the TMC2310 memory address and controls. 
The system also includes a banked (Bank A and Bank B) 
memory system >which may consists of single port or 
multi-port memory. (External host interface to memories 
is not shown.) 

Finally, the diagram shows a system utilizing two window 
memories (for dual real and complex operations). If only 
one window memory is required (Real Windows) then 
the Imaginary memory, W(2), and associated output 
register and inverter may be deleted. For a single 
window memory, the chip select of W(1) can be 
connected to a LOW and the output enable connected to 
the DONE flag to disable the memory when the device 
is idle. 



Figure 20. Typical System Configuration 
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Applications Information 

System Memory Options 

Single-port memories for both real and imaginary data 
can be used with the TMC2310. If single port memories 
are used, system performance will depend not only on 
the time required to perform the operation but also the 
time required to load and unload the memory. Systems 
requiring continuous operation are better supported with 
dual-port memories. This approach allows data to be 
loaded into, for example, the upper 1 K portion of a 2K 
deep memory while the TMC2310 is operating on data in 
the lower 1 K addresses. This technique eliminates the 
need for arbitration logic available in some dual-port 
memory. It is recommended that the device be used in 
the Pipelined Addressing mode to eliminate bus 
contention between the TMC2310 and the local real and 
imaginary data memory. 

Memory Interface 

When determining system memory requirements, the 
user must also take into account the Bit Reversion 
necessary to perform the FFT. Either the data must be 
stored in bit-reversed memory locations prior to 
performing the FFT, or the TMC2310 must perform the 
bit-reversal of the addresses when accessing the real 
and imaginary data on the first pass of the FFT. If data 
are loaded into memory in bit-reversed locations, the 
system can be operated using only 1 bank of memory. 
By supporting an additional bank of real and imaginary 
memory, the user has the option of allowing the bit 
reversal of the addresses to be performed by the 
TMC2310. This is a more efficient approach since it 
allows the host to load the inputs into one bank and 
unload the results from the other bank. Enabling and 
disabling of the memory banks is controlled by the 
RAMSEL flag provided by the TMC2310. 

The operation of the RAMSEL flag is determined in 
conjunction with the bit reverse option. The user can 
determine the bank where the final results will be 
written with the Source/Target Memory Select option in 
Configuration Register 2. If bit-reversal is performed by 
the TMC2310, the RAMSEL flag will toggle in such a 
way as to move the intermediate and/or final results into 
the second bank of the memory. If the data are loaded 
into bit-reversed locations of the memory initially, then 
the RAMSEL flag can be used as a signal to indicate 
when the final results are being written. CR1 [7:61=10, 
CR2[6:5]=1X. (In this configuration the results will be 
written to bit-reversed locations). 



Rescaling 

After the memory configuration scheme has been 
defined the user can now tackle the issue of memory 
resolution. Although the device achieves maximum 
Signal-to-Noise performance using 19-bit wide memories 
excellent performance can still be attained using 
narrower memory. A common application is to use 16-bit 
memories interfaced to the upper 16 MSBs of each 19- 
bit data port. Independent of the memory width, 
rescaling of the data during the computation is necessary 
to prevent overflow. Signal-to-noise is maximized when 
the auto scale feature is activated, however, the user 
must then extract the scaler information from the W-Bus 
so that the proper order of magnitude of the data can be 
determined. Per definition of the FFT, a shift (or rescale) 
of 2 bits performed following every second radix-2 
butterfly is sufficient to maintain accuracy without the 
threat of overflow. The TMC2310 supports this mode of 
operation with the manual scale option. For example, 
when using 12-bit inputs the initial data should be loaded 
into the memory with MSB at RE17/IM17. RE18 and 
IM18 are just sign extensions of RE17 and IM17, while 
RE4-0 and IM40 should be set to zero. The initial shift 
performed at the beginning of the first pass will then 
have no effect on the data. Subsequent passes will each 
be rescaled by 2 bits following the butterfly operations. 
Use the following settings: CR1[51=1, CR1[4:3]=10. 

Using the TMC2310 with 17-bit Inputs 

For non-FFT applications the device can support 17-bit 
wide inputs while returning valid results. For convolution 
operation (i.e., MPY-ACC and FIR modes) the user must 
be careful not to exceed the accumulator width of the 
device. Input data can be placed into RE16-0 and IM16-O 
of the two data ports. RE18-17 are sign extensions of 
RE16 and IM16-O of the two data ports. RE18-17 and 
IM18-17 are sign extensions of RE16 and IM16 of the 
initial inputs. The data in the real and imaginary memory 
can also be interfaced to allow an initial shift of the inputs 
within the device prior to performing the desired 
operation. If the real and imaginary data are stored with 
the MSBs at RE17 and IM17, sign extension will be 
supported internally in the device following the 2-bit shift, 
CR1[4:3]=10. 
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Generating a Write Pulse 

The high-speed operation of the TMC2310 requires the 
use of fast random access memory. The TMC2310 
provides a write enable pin for use with the local real and 
imaginary data memories. In some circumstances, it is 
necessary for the user to generate this write strobe to 
increase the pulse width to meet system requirements. 
As an alternative, the user can use the RD/ output to 



generate this write strobe since the RD/ signal is 
normally LOW and goes HIGH only during write cycles. 
The RD/Signal should be gated with the system clock to 
create an active LOW write (enable) strobe. If the device 
is to be used to implement Unwindowed or Real 
Windowed FFs exclusively, then this method should 
achieve better system timing and performance. 



clk > 




W5-0 

(SCALER) 



65-6456 



Figure 1 . Memory Interface for FFT Systems 
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Generating a Write Pulse (continued) 

More general applications, particularly those that require 
(2) window coefficient memories (i.e., Complex MPY, 
RE/IM MPY-ACC etc.), require an alternative circuit for 
Write strobe generation. The TMC2310 contains an 
option in CR2 that changes the operation of the RD/ 
signal. Under normal operations CR2[4]=0 the RD/ signal 
will not be activated until the first valid result appears at 
the real and imaginary data ports, after which RD/ will 
toggle on successive cycles. If activated, the RD/ signal 
will toggle following application of the START command 



so that Wr and W| inputs can be synchronized with the 
falling and rising edge of the RD/, respectively. If it is 
necessary for the write strobe to be generated for these 
modes (including FFT/IFFT with Complex MPY) then an 
alternate circuit must be used. Specifically, if CR2[4]=1 
RD/ will toggle every cycle and if the write strobe is 
created by gating RD/ with CLK then the device will 
incorrectly generate (4) write pulses during the first four 
read cycles writing over unprocessed data. The following 
circuit eliminates this situation by setting CR2[4]=0: 




65-6467 



Figure 2. Memory Interface for General Systems 
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Bit-Reverse Addressing Details 



The radix -2, Decimation -In -Time (DIT) FFT/IFFT 
algorithm performed by the TMC2310 requires data 
scrambling during the first butterfly pass (Refs. [2], [3]). 
The scrambling amounts to a bitwise reversal of the 
address index during the first pass of the FFT A flow 
diagram for a general, radix -2, 16 -point FFT is shown 
in Figure 21. By a close examination of the figure, it can 
be seen that the first butterfly is performed on data 
points X(0) and X(8) with results stored in X(0) and X(1). 
It is apparent that results must be written to a 
secondary memory to prevent the loss of the unused 
data point X(1). 

The TMC2310 allows several addressing options for 
transforms. While these modes have no effect on speed 
or processing time, they do affect system memory 
requirements. If the input data samples are stored in 
memory in sequential order, then the TMC2310 must 
perform the bit -reversed addressing (CR1[7:6] = 01) 
during the first butterfly pass. To accomodate the data 
scrambling and prevent overwriting of unused data, the 
user must provide additional "scratch pad" memory for 



intermediate storage during this pass. The RAMSEL 
output is used to toggle between the two banks during 
reads and writes of the first pass. RAMSEL must be 
connected either to the "chip enables" of separate 
memories or to an additional address line (for a paged 
memory system). At the completion of the transform, 
data will be in memory in sequential (frequency or time) 
order. 

A transform can be done without the scratch pad 
memory by initially storing the data in scrambled order. 
This is accomplished by a simple reverse ordering of the 
address lines between the host system address generator 
(counters, etc.) and the data memory (Figure 22). The 
transform is then performed "in -place" (no bit -reverse, 
CR1[7:6] = 00). Since the input data has been 
"pre -scrambled", the TMC2310 will read and write data 
to memory addresses in a sequence that requires no 
additional memory. Final results will be available in 
sequential, frequency bin order. In either case, if 
windowing is performed, the user must store the 
window function either in sequential or scrambled order 
to match that of the input data. 
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Figure 22. Bit-Reversed Input Data for 1024- Point Transform 
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Alternate Method For Write Strobe Generation 



The high-speed operation of the TMC2310 requires the 
use of fast random addess memory. In some instances, 
the pulse-width and timing of the TMC2310's WR may 
not meet the systern^ requirements. As an alternative, the 
user can use the RD output_used to generate a write 
strobe for memory. Since RD is normally LOW and goes 
HIGH only during write cycles, the user can gate RD 
with the system clock to create an active LOW write 
(enable) strobe. Implementing the write strobe in this 



method may give better system timing and performance. 
The strobe will be the LOW portion of the system clock. 
Figure 23, part (a) shows external generation of a write 
strobe in non-pipelined addressing systems, and part (b) 
for pipelined systems utilizing the external address 
registers. The external register (74AS821) is clocked by 
a delayed system clock (through the AS32) to guarantee 
a valid memory address until WE goes HIGH. 



Figure 23. Generating a Write Strobe 
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Scale Factor (W3.0) 

In the inverse FFT, the final exponent read at this port 
will be the true binary exponent for the emerging real 
and imaginary data. In the forward FFT, this value will 
exceed the true exponent by N, where the total number 
of transform points is 2^. The format for this exponent 
is 4-bit unsigned integer. 
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Ordering Information 



Product 
Number 


Temperature Range 


Screening 


Package 


Package 
Marking 


TMC2310G5V 
TMC2310G5V1 


EXT-T C =-55°C to 125°C 
EXT-T C =~55°C to 125°C 


MIL-STD-883, 15MHz 
MIL-STD-883, 20MHz 


88 Pin Ceramic Pin Grid Array 
88 Pin Ceramic Pin Grid Array 


2310G5V 
2310G5V1 


TMC2310H7C 


STD-T A =0°C to 70°C 


Commercial, 20MHz 


89 Pin Plastic Pin Grid Array 


2310H7C 


TMC2310L4V 
TMC2310L4V1 


EXT-T C =-55°C to 125°C 
EXT-T C =-55°C to 125°C 


MIL-STD-883, 15MHz 
MIL-STD-883, 20MHz 


100 Leaded Ceramic Chip Carrier 
100 Leaded Ceramic Chip Carrier 


2310L4V 
2310L4V1 


TMC2310L6V 
TMC2310L6V1 


EXT-T C =-55°C to 125°C 
EXT-T C =-55°C to 125°C 


MIL-STD-883, 15MHz 
MIL-STD-883, 20MHz 


132 Leaded CERQUAD 
132 Leaded CERQUAD 


2310L6V 
2310L6V1 
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TMC2311 

CMOS Fast Cosine Transform Processor 

12 Bits, 15 Million Pixels Per Second 



Description 

The TMC231 1 , a high-speed algorithm specific 
processor, computes the one or two dimensional forward 
discrete cosine transform (DCT) of an 8 or 8x8 point array 
of contiguous 9-bit data or the inverse DCT of 12-bit data. 
Output precision in all cases in 12 bits. It complies with 
the CCITT Specialists' Group on Visual Telephony (SG 
XV) accuracy specification for inverse DCT. With its 
internal coefficient TOM, data transpose RAM, address 
generators, and sequencer, the TMC231 1 accepts high 
level instructions from a host processor and raw 8x8 
blocked data from an external memory and returns 
transformed data to a second external memory. The 
TMC231 1 also includes a defeatable adder-subtractor for 
linear predictive coding and differential pulse code 
modulation. The pipelined TMC2311 can transform 
continuous 8x8 pixel data blocks at a rate of one per 
4.48 us. 

Operating under a system clock of up to 30 MHz, the 
TMC2311 accepts each incoming data block in row-major 
(line-by-line") format at two clock cycles per pixel. Output 
data are written in column-major format, i.e., down the 
left-most column of the block, then down the next column 
to the right, etc., also at two clock cycles per pixel. In the 
inverse DCT mode, the chip accepts column-major data 
and returns row-major data. Thus, a pair of TMC231 1 
chips can transform an image and return it to its original 
spatial domain, with or without any intervening operation, 
such as compression, transmission and re-expansion. 

Built with a one-micron double level metal OMICRON- 
CTM low-power CMOS process, the TMC231 1 is 
available in a 68-lead plastic chip carrier. 



Features 

♦ Stand alone execution of 8-point forward or inverse 
cosine transform 

♦ Continuous 8x8-point 2-D DCTs every 4.48 \is 
including memory transpose and data loading/ 
unloading 

♦ On-chip cosine coefficient ROM 

♦ On-chip data transpose memory with direct transpose 
mode 

♦ Auxiliary adder with optional clipped outputs for linear 
predictive coding and differential pulse code 
modulation 

♦ Two's complement 1 2-bit data I/O format 

♦ Two's complement 9-bit add/subtract input 

♦ Full CCITT SGXV compatibility 

♦ All inputs and outputs TTL compatible 

♦ 68 pin Plastic Chip Carrier 



Logic Symbol 
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Applications 

• Image Processing, Graphics 

• Pulse And Image Compression 

• Video Teleconferencing 

• Linear Predictive Coding 

• Differential Pulse Code Modulation 

• Electronic Publishing 

• Medical Imaging And Archiving 



Associated Products 

• TMC2220 — 4x32 Correlator 

• TMC2250 — 2-D 3x3 FIR Filter 

• TMC2272 — Colorspace Converter 



Figure 1. Functional Block Diagram 




Functional Description 

The TMC231 1 comprises five internal blocks: a controller, 
two arithmetic elements, a data transpose memory and 
an auxiliary adder circuit (Figure /). Each arithmetic 
element (AE) can compute an 8-point 1 -dimensional DCT 
in 16 clock cycles. When the device is configured to 
perform 2-dimensional transforms, the first AE computes 
the DCT of each consecutive row of 8 pixels. The results 
of each 8x1 DCT are written into the intermediate memory. 
After eight 1 -dimensional transforms are computed, the 
device computes the DCT of each consecutive 8-pixel 
column, while (if so instructed) computing the DCTs of 
the rows of the next block of data. The auxiliary adder/ 
subtractor can be used with a forward and inverse 
transform in linear predictive coding applications. The 



adder can also be used alone to perform differential pulse 
code modulation without the cosine transform. In all modes 
and configurations the device operates on continuous data 
at a rate of up to 15 Megapels/second and can perform a 
complete 8x8 DCT every 128 clock cycles. 

Control 

The control block includes the chip's preprogrammed 
controller, sequencer, and microcode generator. The host 
system needs only to load a single 8-bit control word on 
C7-0 and then strobe the INIT pin. The chip will proceed 
automatically through the chosen operation without further 
supervision. 
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Arithmetic Element #1 

Comprising a multiplier and two adder/subtractors, 
bypassable processor AE1 performs a series of one- 
dimensional 8-point forward or inverse DCTs on the 
incoming data, writing its 8-point transform results into 
the transpose memory. 

Data Transpose Memory 

This two-port 64-word RAM collects each group of eight 
consecutive 8-point transformed data sets from AE1 and 
then passes them to AE2 while collecting the next group, 
thereby acting as a large pipeline buffer. When enabled, 
the DTM accepts each 64-point data block in row-major 
sequence and returns the same data in column-major 
order, effecting a "corner turn." Bypassing this block 
leaves the data sequence unchanged. 

Arithmetic Element #2 

Identical to AE1, bypassable data processor AE2 performs 
eight 8- point one-dimensional transforms on each 64-point 
block of data. Each transform pulls one data point from 
each of the eight transforms done by AE1 , completing the 
8x8 two-dimensional transform. For one-dimensional 
transforms, either AE can be bypassed. 

Auxiliary Adder 

The remaining circuitry in Figure 1 can be employed as 
either a presubtractor or a post-adder. (See Applications 
Discussions of Linear Predictive Coding, Differential 
Pulse Code Modulation, and Interframe Coding.) As 
instructed by CTRL3 (INVERT), CTRL7 (XSEL), ISEL, and 
OSEL, this adder combines the 9-bit two's complement 
data entering on port DX8-0 with either the incoming or 
emerging data stream. 

Operating Modes 

The TMC231 1's five operating modes are selected by 
control pins CTRL2-0. The device can be configured in the 
following ways: 

The device will perform a two-dimensional transform if 
CTRL2-0 = 000 or 001. AE1 performs a one-dimensional 
DCT (IDCT if CTRL3 = 1 ) on each of eight 8-pixel rows of 
data supplied row-by-row to DIN1 i_o. Results from each 
block of eight transforms are fed via the Transpose 
Memory to AE2, which performs a one-dimensional DCT 
(IDCT) on each of the eight 8-pixel columns of data, in turn 
{Figured 



Figure 2. 2-D Transform (With Transpose) 
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The device can also perform one-dimensional DCTs (IDCTs) 
with or without memory transpose. 

When CTRL2-0 = 010, the chip will transform eight 8-point 
rows of incoming data, then transpose the results without 
transforming the columns (Figure 3). 

Figure 3. 1-D Transform With 8x8 Transpose 
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When CTRL2-0 = 01 1, the device accepts eight 8-point 
rows of data and transposes them before AE2 performs 
one-dimensional DCTs (IDCTs) of the columns [Figure 4). 

Figure 4. 8x8 Transpose With 1-D Transform 
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The device can also perform one-dimensional transforms 
without transposes. When CTRL2-O = 1 00 or 1 01 , AE1 
performs a one-dimensional DCT or IDCT on each incoming 
8-point row of data (Figure 5). 
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Figure 5. 1-D Transform (Without Transpose) 



Figure 6. Memory Transpose (Without Transform) 
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Finally, the device will perform the memory transpose with 
no DCT when CTRL2-0 = 1 10 or 1 11 [Figure 6). 




11-0 



Table 7 summarizes the operation of controls CTRL7, 
CTRL3, ISEL, and OSEL, which "fine tune" the mode 
selection by programming the presubtractor/postadder and 
the transform direction. (Where a full two- dimensional FCT 
or IFCT is needed, CTRL2-0 must be set to 01 1 . CTRI_7=1 
then enables presubtraction and 0SEL=1 enables 
postaddition, as desired by the user.) 



Table 1. Operating Mode Configurations 



Application 


Function 


Device Configuration 


CTRL7 


CTRL3 


ISEL 


OSEL 


2D DCT 


2D FCT 


0 


0 


X 


0 


2D IDCT 


2D IFCT 


0 


1 


X 


0 


Interframe Compress 


2D FCT, Presubtract 


1 


0 


0 


0 


Interframe Decompress 


2D IFCT, Post Add 


0 


1 


0 


1 


LPC 


2D FCT, Presubtract 


1 


0 


0 


0 


ILPC 


2D IFCT, Post Add 


0 


1 


0 




LPC Directly Out 


DOUT=DIN-DX 


1 


0 


0 




ILPC Directly Out 


DOUT=DIN+DX 


1 


1 


0 




DPCM Directly Out 


DOUT(k)=DIN(k)-DIN(k-1) 


1 


0 


1 




IDPCM Directly Out 


DOUT(k)=DIN(k)+DIN(k-1) 


1 


1 


1 




DPCM w/ Transpose 


DOUT(k)=DIN(k)-DIN(k-1) 


1 


0 


1 


0 


IDPCM w/ Transpose 


DOUT(k)=DIN(k)+DIN(k-1) 


1 


1 


1 


0 



Notes: LPC/ILPC Linear Predictive Coding (Forward/Inverse) 



DPCM/IDPCM Differential Pulse Code Modulation (Forward/Inverse) 
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Signal Definitions 
Control 

INIT Single pass "start" command. INIT=0 resets 

the internal logic and output flags and 
updates the CTRL7-0 parameters. INIT is 
registered and must be LOW for at least 3 
clock cycles. INIT returning HIGH starts the 
transform. The first data point is loaded two 
cycles later. 

NOOP Input clock disable. NOOP=1 freezes 

operation of the device on the next CLK rising 
edge. Operation commences from where it 
stopped one cycle after NOOP returns LOW. 

WR Control word preload command. WR=0 loads 

CTRL7-0 parameters into the device's preload 
register. The next INIT rising edge transfers 
the preloaded parameters into the chip's 
working registers. 

RD Control word (READ) command. RD=0 allows 

the preloaded parameters CTRL7-0 to be 
read. 

CTRL2-0 MODE Control. Defines the internal 

configuration (mode) of the device, selecting 
either 2-dimensional or 1 -dimensional 
transforms and/or the access to the internal 
Transpose Memory (Figures 2 through 6.) 

CTRL2-0 Operation 



000 2-D Transform 

001 2-D Transform 

010 1-D Transform, Transpose 

01 1 Transpose, 1 -D Transform 

100 1-D Transform 

101 1-D Transform 

110 Transpose 

1 1 1 Transpose 



CTRL3 Inverse Transform Enable (INV). INV=0 

selects a forward DCT. If INV=1, the device 
will compute the Inverse DCT. INV also 
inverts the data to one side of the auxiliary 
adder. When and only when INV=0, data 
from the multiplexer which selects the DX 
port or delayed DIN port will be inverted. 



CTRL4 Automatic Reinitialization (AUTOINIT). Al=0 
allows continuous operation of device. When 
Al=1 , the device will halt at the end of the 
specified transform. 

CTRL5 Arithmetic Limit (CLIP). CLIP=1 saturates data 
outputs to 9 bits. CLIP is useful when 
presubtraction or postaddition is used with 
the DCT orlDCT. 

CTRL6 Flag Control (FC). FC determines when the 
output flags, BOTand EOB, appear. When 
FC=0, both f lags are output with the 
corresponding data result. When FC=1, the 
flags appear two clock cycles earlier. 

CTRL7 Auxiliary Adder Select (XSEL). XSEL controls 
two multiplexers within the auxiliary adder 
circuitry. The first mux feeds the non-inverted 
input to the adder either the DIN port 
(XSEL=1 ) or outputs from the core of the 
device (XSEL=0). The second mux selects the 
data entering the core of the device from 
either the input port (XSEL=0) or adder output 
(XSEL=1). See Applications, Operating 
Mode Configurations. 

ISEL Input Data Select. ISEL=0 connects the 

inverted (optional) input of the auxiliary adder 
to the DX port. When ISEL=1 , the DIN port is 
connected, via a one data cycle delay. Output 
from this mux to the adder is inverted when 
INV=0. See Applications, Operating Mode 
Configurations. 

OSEL Output Data Select. When 0SEL=0, data 

results from the device core pass to the final 
output register. When OSEL=1, results from 
the adder pass to the final output register. 
See Applications, Operating Mode 
Configurations. 

OE Asynchronous active LOW OUTPUT ENABLE 

for data output port, D0UTn_p. When 0E=1, 
every output is forced into a high-impedance 
state. 

FE Active LOW asynchronous output FLAG 

ENABLE. When FE=1, BOT and EOB are forced 
into a high-impedance state. 



For More Information call 1-800-722-7074. 



Raytheon Semiconductor 



3-305 



TMC2311 



Data Inputs 

DINi 1-0 Data INput Port (12-bit two's complement 
format). DIN is the input port for both 
FORWARD and INVERSE transforms. DIN11 is 
the MSB. For two dimensional forward 
transforms, data precision is limited to 9 bits, 
DIN8-0, and must be sign-extended into the 
remaining MSBs. Data exceeding the lower 9- 
bit range may cause an internal overflow. For 
INVERSE transforms, the entire 12-bit input 
port may used without risk of overflow. 

DX8_o Auxiliary Data Input Port (9-bit two's 
complement format). Feeds one side of 
auxiliary adder. DXg is the MSB. Auxiliary 
inputs can be provided to the device for linear 
predictive coding (LPC) where pixel 
differences are transformed. In the FORWARD 
direction, inputs supplied to the DX port (and 
selected via ISEL) will be subtracted from 
pixel values input simultaneously on the DIN 
port. In the INVERSE direction, DX inputs will 
be added to outputs following the desired 
tranform operation. The DX inputs must be 
delayed so that they appear at the adder 
simultaneously with the corresponding pixel 
outputs. 

Data Outputs 

DOUT11-0 Data OUTput Port (12-bit, two's complement 
format). DOUT is the output port for both 
FORWARD and INVERSE transforms. DOUT1 \ 
is the MSB. When CLIP=1 , all data outputs 



are clipped to 9 bits, DOUT8-0, with sign 
extension into the remaining MSBs. DOUT is 
forced into a high-impedance state when 
0E=1. 



Output Flags 



BOT 



EOB 



Clock 

CLK 



Power 

vdd, gnd 



Beginning Of Transform. Toggles LOW to 
denote the first result of each one- 
dimensional 8-point transform or the first 
result of each 8-point row or column of a two- 
dimensional transform. When FC=0, BOT will 
appear simultaneously with the corresponding 
result. When FC=1 , BOT will appear one data 
I/O cycle earlier. 

End Of Block. Toggles LOW to signal the last 
result of the entire (8 or 64 point) transform 
field. When FC=0, EOB appears 
simultaneously with the last data result. 
When FC=1, EOB appears two cycles earlier. 



Data Path Clock. The device operates with a 
clock of 0 to 30MHz. All internal operations 
are referenced to the rising edges of CLK; I/O 
operations except CTRL7-0 read and write, to 
alternate rising edges of CLK. 



The TMC231 1 operates from a single +5 Volt 
supply. All Vqd and GND pins must be 
connected. 
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Table 2. Data Formats and Bit Weighting 
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Input Data Format - 


- Forward Transforms 
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Input Data Format - 


- Inverse Transforms 
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210 


29 
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20 
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27 
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22 
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210 
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23 


22 


21 


2 0 










Output Data Format 


- Forward Transforms 










_ 2 11 


210 


29 


28 


27 


26 


2 5 


2 4 


23 


22 


21 


20 










Output Data Format 


- Inverse Transforms 










S 


S 


S 


-28 


27 


26 


25 


2 4 


23 


22 


21 


2 0 



Notes: S = Sign Extension. 

In forward transforms, system should feed two's complement sign bit to DINi 1-8 f° r 9-bit data size. 
In inverse transforms, chip will output two's complement sign bit into pins DOUT1 1 -8. 



Operation and Timing 
Initialization 

Control Word Preload Timing 

The self-sequencing TMC2311 requires no cycle-to-cycle 
supervision by the host system. On the rising edge of WR, 
the user loads an 8-bit control word (CTRL7-0) which sets 5 
device parameters: mode and direction of the transform, 
continuous (or non-continuous) device operation, format of 
output data and timing of the output flags. The control 
parameters preloaded via CTRL7-0 are registered internally 
and updated by the INIT signal. Control load timing is 
displayed in Figure 7. 



Figure 7. Control Preload Timing 
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Control Word Read Timing 

The TMC231 1 also permits the user to read the preloaded 
control wordvalue back through CTRL7-0, a bidirectional 
port. When RD=0, the CTRL7-0 port outputs the control 
information stored in the device (Figure 8). 



Figure 8. Control Read Timing 
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Data Input Timing 

After the TMC231 1 is initialized, data are input to DIN1 1 _o 
and DX8-0 on alternate rising edges of the device system 
clock. When the device is set for forward DCTs with 
transpose, data inputs are accepted in row-major format, 
i.e., line-by-line through the 8x8 transform window. When 
the device performs inverse DCTs, inputs are accepted in 
column-major format. Following the rising edge of INIT 
command, data inputs can be continuously loaded into the 
device on alternate rising edges of the system clock 
(Figure 9). 



Data Output Timing 

Results are output at half the system clock rate. The initial 
result latency and the number of results depends on the 
device operation specified by CTRL2-Q. Once the first result 
reaches the output port, remaining results will appear 
continuously. When the TMC231 1 is set to perform forward 
DCTs with transpose, output data are written in column- 
major format. In the inverse direction, data results are 
returned row-by-row (Figure 10). 



Figure 9. Data Input Timing 

*CY 



CLK 



INIT 



ruu 



l P\NL 
6— *PWH 

-10 12 



RISING-* 
EDGES OF CLK 



r^>3 
EDGI 

I t s + 3t CY + t H 



-*ih- ,H 



— (XXXXXXXXXXXflX 

I I 

-» sxmmxxm 



Figure 10. Data Output Timing 

" nJTJTJTJLTLTL 



OE 



-»« sxxxzixzmx 



DIS 



3-308 



Raytheon Semiconductor 



For More Information call 1-800-722-7074. 



TMC2311 



Overall Timing 

The TMC231 1 will expect data in groups of 8 or 64 points 
at regular intervals based on the mode of operation defined 
by CTRL2-0. Results will be returned by the TMC231 1 in 
similar groups following a predetermined initial latency. 
For applications that use the auxiliary adder ahead of the 
core of the device, corresponding DX and DIN inputs should 
be presented simultaneously to the device. Applications 
that use the adder after the DCT/memory core must 
account for the device's internal latency (Table 3). Each 
DX port input must be timed to appear at the adder one 
data cycle ahead of its corresponding output. 



Table 3. Data Output Latency 



CTRL2-0 


Operation 


Latency* 


000 


2-D Transform 


232 clocks 


001 


2-D Transform 


232 


010 


1-D Transform, Transpose 


200 


011 


Transpose, 1-D Transform 


200 


100 


1-D Transform 


56 


101 


1-D Transform 


56 


110 


Transpose 


168 


111 


Transpose 


168 



*cycles after INIT goes high 



If AUTOINIT (CTRL4H), the device will operate 
continuously with no interruption between transforms. 
Otherwise the device will halt after the specified number 
of data points have been processed. When AUT0INIT=1, 
device operation will resume with the next INIT signal. 

The TMC231 1 also provides two output flags to 
differentiate between the rows/columns of the transform 
window and between individual transform blocks. The 
Beginning Of Transform (BOT) flag goes LOW with the first 
data result of each 8x1 transform row or column. A second 
flag, End Of Block, EOB, delineates transform blocks. EOB 
will go LOW when the last data point of each 8x1 (one 
dimensional mode) or 8x8 (two dimensional mode) 
transform is output. The user can program these flags to 
appear with their respective data (FC=0) or one data cycle 
earlier (FC=1 ). Figure 1 1 shows the overall timing of a 
forward 2-D DCT with pre-subtraction and FC=0. Figure 12 
shows the overall timing of an inverse 2-D DCT with post 
addition and FC=1 , demonstrating the timing for inputs to 
auxiliary port DXs-Q and the shift in flag timing. 
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Figure 11. Overall Timing - Forward Transform (Flag Control=0) 
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Notes: 1 . DINi 1-0 (i,j) aligned with DXs-fj (i,j), but alignment with DOUT1 -|_0 is mode-dependent. 
2. DOUT-j 1-0 (0-0) is valid on CLK rising edge 1 16 in two-dimensional transfer modes only. 



Figure 12. Overall Timing - Inverse Transform (Flag Control=1) 
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Absolute maximum ratings (beyond which the device may be damaged)i 



Supply Voltage -0.5to+7.0V 

Input Voltage2 -0.5 to (Vqd + 0.5)V 

Output 

Applied Voltage2 -0.5 to (Vqd + 0.5V) 

Forced Current,3,4 -3.0to+6.0mA 

Short Circuit Duration 

(single output in HIGH state to ground) 1 second 

Temperature 

Operating, Case -60 to +130°C 

Junction +175°C 

Lead, Soldering (10 seconds) .+300°C 

Storage -65 to+150°C 



Notes: 1 . Absolute maximum ratings are limiting values applied individually while all other parameter are within specified operating conditions. Functional operation 
under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 

Operating conditions 







Temperature Range 








Standard 




Parameter 


Min 


Norn 


Max 


Units 


vdd 


Supply Voltage 


4.75 


5.0 


5.25 


V 


tCY 


Cycle Time 
TMC2311 


37 






ns 




TMC2311-1 


34.5 






ns 




TMC2311-2 


28 






ns 


tPWL 


Clock Pulse Width, LOW 


8 






ns 


tPWH 


Clock Pulse Width, HIGH 


8 






ns 


ts 


Input Setup Time 


11 






ns 


tH 


Input Hold Time 


0 






ns 


V|L 


Input Voltage, Logic LOW 






0.8 


V 


V|H 


Input Voltage, Logic HIGH 


2.0 






V 


lOL 
'OH 


Output Current, Logic LOW 
Output Current, Logic HIGH 






4.0 

-2.0 


mA 
mA 


TA 


Ambient Temperature, Still Air 


0 




70 


°c 


TC 


Case Temperature 








°C 
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Electrical characteristics within specified operating conditions^ 









Temperature Range 










Standard 




Parameter 


Test Conditions 


Min 


Max 


Units 


IDDQ 


Supply Current, Quiescent2 


VDD=Max, V|N=0V, TS=5V 




30 


mA 


IDDU 


Supply Current, Unloaded 


VDD=Max,f=30MHz,TS=5V 




130 


mA 


IlL 


Input Current, Logic LOW 


VoD=Max, V||\|=0V 




-10 


HA 


llH 


Input Current, Logic HIGH 


VDD=Max,V||\|=VoD 




+10 


MA 


vol 


Output Voltage, Logic LOW 


VoD=Min, IOL=Max 




0.4 


V 


VOH 


Output Voltage, Logic HIGH 


VQD=Min, l0H=Max 


2.4 




V 


lOZL 


Hi-Z Output Leakage Current, 


VDD=Max, V||\|=0V Output LOW 




-40 


mA 


lOZH 


Hi-Z Output Leakage Current, 


VDD=Max,V|N=OV 
Output HIGH 




+40 


mA 


'OS 


Short Circuit Output Current 


VoD=Max, Output 
HIGH one pinto 
ground one second 
duration max. 




-45 


mA 


C| 


Input Capacitance 


TA=25°C,f=1MHz 




10 


PF 


CO 


Output Capacitance 


TA=25°C,f=1MHz 




10 


PF 



Note: 1 . Actual test conditions may vary from those shown above, but guarantee operation as specified. 

2. Following power-on, the TMC231 1 must be clocked for at least 1 0 clock cycles before the clock is disabled. 



Switching characteristics within specified operating conditions^ 



Parameter 


Test Conditions 


Temperature Range 


Units 


Standard 


Min 


Max 


tDO Output Delay 


VDD=Min, C|_oad=40pF 




16 


ns 


TMC2311 






16 




TMC2311-1 






16 




TMC2311-2 






12 




tHO Output Hold Time 


VDD=Max, C|_oad=40pF 


4 




ns 


tENA Three-State Output Enable Delay 


VDD=Min, C|_oad=40pF 




16 


ns 


TMC2311 






16 




TMC2311-1 






16 




TMC2311-2 






12 




tDIS Three-State Output Disable Delay 


VDD=Min, C|_ O ad=40pF 




22 


ns 



Note: 1 . All transitions except for tpis and tENA a re measured at a 1 .5V level. 
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Figure 13. Equivalent Input Circuit 
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Figure 14. Equivalent Output Circuit 
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Applications Discussions 



Figure 15. Basic System 



Frequency Domain Coding - Basic System 

Frequency domain coding entails partitioning an image into 
(for example) 8x8 pixel blocks, then determining the two- 
dimensional spatial frequency spectrum of each block. In 
image compression, each component is then quantized by a 
frequency-specific factor, which tends to be smaller (more 
precise) for the dominant lower- frequency components 
and larger (coarser) for the less crucial higher-frequency 
components. Quantization effects compression by reducing 
the number of bits per frequency bin and by zeroing out 
high-frequency, low-energy bins. Following the quantizer, 
the scaled frequency data are then (arithmetic or Huffman) 
coded into a format that will allow them to be transmitted 
(or archived) even more economically. In particular, the 
JPEG modified Huffman coding represents each string of 
"zeroed out" bins with a compact code. 

The transmitted images are reconstructed by reversing 
these operations. Coded information is received and 
restored to frequency information through a decoder. The 
received (or retrieved) data then pass through an inverse 
quantizer that restores the most important frequency 
components, albeit at somewhat grainier than original 
levels. Finally, the image is reconstructed by the inverse 
DCT. In practice, compression ratios of up to 20:1 can 
provide visually acceptable results with still images. 

The basic compression circuit [Figure 75) shows a sample 
implementation of an intraframe compressor. The system 
contains an encoder comprising the TMC231 1 DCT chip, a 
quantizer and a coder. Images are reconstructed in a 
complementary system with a decoder, a dequantizer, and 
aTMC2311 (inverse) DCT chip. 
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Figure 16. Interframe Compression System 
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Interframe Compression 

Figure 16 shows a moving picture extension of frequency 
domain coding, which processes differences between the 
corresponding pixels of successive image frames. 
Interframe compression describes areas of change within a 
moving image by comparing each new frame against 
earlier frames. Prior to the DCT, a block from the new 
frame is subtracted from the corresponding block of the 
previous frame. The resulting differences are transformed, 
quantized, coded, and transmitted. The compressed data 
are then reconstructed by reversing the processing steps: 
decode, dequantize, inverse DCT, then accumulate 
differences from frame to frame. Transforming only these 
differences increases the achievable compression. 



Linear Predictive Coding System 

Many critical biomedical and defense applications require 
that images be compressed and then restored "losslessly," 
i.e., without degradation. One technique, referred to as 
Linear Predictive Coding (LPC), has been very effective in 
speech compression. For image compression, LPC entails 
coding the differences between the current and previous 
pixel blocks of the same frame. This technique of 
intraframe compression can be used with or without the 
DCT. Much of the Figure /£ interframe compression 
architecture can also be applied here, although the delay 
block now corresponds to delay within a single frame. 

To obtain lossless compression, the user may code the 
differences between pixel blocks directly, without the DCT. 
This variety of intraframe compression, demonstrated in 
Figure 17, uses just the auxiliary adder of the TMC231 1 . In 
the forward direction, the differences are computed and 
transferred to the quantizer and coder circuitry where they 
are readied for transmission. In the inverse direction, the 
reconstruction process involves inverse coding and 
quantization, followed by cumulative addition of the image 
differences by the TMC231 1 's auxiliary adder. 
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Figure 17. Linear Predictive Coding System (No Cosine Transform) 
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Differential Pulse Code Modulation 

Another linear prediction algorithm, differential pulse code 
modulation, (DPCM) uses the differences between 
individual pixels on each line of the image. These 
differences are quantized, coded and transmitted (or 
archived). This technique is also used where lossless 
compression is required. The system shown in Figure 18 
illustrates the use of the auxiliary adder circuit of the 
TMC231 1 . The device incorporates a special input delay 
path that allows a previous pixel value to be added or 
subtracted from the current input pixel value. The results 
are then either fed into the device core to perform a 
transpose function or output directly from the adder. In the 
forward direction the pixel differences are fed to the 
quantizer and coder blocks of the system and transmitted. 
In the inverse direction the coded information is 
reconstructed by inverse coding followed by inverse 
quantization and finally the accumulation of pixel 
differences in the TMC2311. 



Figure 18. Differential Pulse Code Modulation 
System (No Cosine Transform) 
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Package Interconnections 



Signal 
Type 


Signal 
Name 


Function 


Value 


R1 Package Pin 


Power 


vdd 


Supply Voltage 


+5.0V 


0 in n 00 co co 

2 10 17 33 53 00 


GND 


Ground 


0.0V 


1 49 1318 26 35 52 67 


Clock 


CLK 


System Clock 


TTL 


65 


Inputs 


DINn-o 


Data Inputs 


TTL 


44 45 46 47 48 49 50 51 54 55 56 57 


DX 8 -0 


Aux Adder In 


TTL 


34 36 37 38 39 40 41 42 43 


Outputs 


nniiTi 1 n 

uuu 1 1 1 -y 


n?tta fliitnut^ 
li a la uuipuio 


TTL 


5 67 8 11 12 14 15 16 19 20 21 

J U / O 1 1 IL It IJ IU IJ £-\J §m \ 


BOT 


Begin Transform 


TTL 


22 


FOR 
CUD 


Cnu UT DIOCK 


TTI 
1 1 L 


99 
Lo 


Control 


INIT 


Initialize 


TTL 


60 


NOOP 


No Operation 


TTL 


61 


WR 


Rnntrnl Prplnari 


TTL 


66 


RD 


Read Control 


TTL 


64 


ISEL 


Input Data Select 


TTL 


59 


OSEL 


Output Select 


TTL 


58 


OE 


Output Enable 


TTL 


3 


FE 


Flag Enable 


TTL 


62 


CTRL7-0 


Control Params 


TTL 


32 31 30 29 28 27 25 24 


DNR 


Test Pin 




63 


Do Not Connect 











Ordering Information 



Product 


Data 


Temperature Range 


Screening 


Package 


Package 


Number 


Rate MHz 








Marking 


TMC2311R1C 


13.5 


STD-TA = 0OCto70OC 


Commercial 


68 Pin PLCC 


2311R1C 


TMC2311R1C1 


14.5 


STD-TA = 0OCto70OC 


Commercial 


68 Pin PLCC 


2311R1C1 


TMC2311R1C2 


17.8 


STD-TA = 0OCto70OC 


Commercial 


68 Pin PLCC 


2311R1C2 



40G06753 Rev B 8/93 

For More Information call 1-800-722-7074. 



Raytheon Semiconductor 



3-317 



TMC2311 



3-31 8 Raytheon Semiconductor For More Information call 1-800-722-7074. 



TMC2330 



TMC2330 

CMOS Coordinate Transformer 

16x16 Bit, 25 MOPS 



Description 

The TMC2330 VLSI circuit converts bidirectional^ 
between Cartesian (real and imaginary) and Polar 
(magnitude and phase) coordinates at up to 25 MOPS 
(Million Operations Per Second). 

In its Rectangular-to-Polar mode, the TMC2330 can 
extract phase and magnitude information or backward 
"map" from a rectangular raster display to a radial (e.g., 
range-and-azimuth) data set. 

The Polar-to-Rectangular mode executes direct digital 
waveform synthesis and modulation. With its 32-bit phase 
accumulator, the chip can generate and frequency or 
phase-modulate quadrature sinusoidal waveforms with a 
frequency resolution of 0.006 Hz at a 25 MHz clock rate. 
The TMC2330 greatly simplifies real-time image-space 
conversion between the radially-generated image scan 
data found in radar, sonar, and medical imaging systems, 
and raster-oriented display formats. 

All input and output data ports are registered, and a new 
transformed data word pair is available at the output 
every 40 ns. The user-configurable phase accumulator 
structure, input clock enables, and asynchronous three- 
state output bus enables simplify interfacing. All signals 
are TTL compatible. 

Fabricated in Raytheon Semiconductor's OMICRON-C™ 
one-micron CMOS process, the TMC2330 operates at up 
to the 25 MHz maximum clock rate over the full 
commercial (0 to 70°C) temperature and supply voltage 
ranges, and is available in a low-cost 120-pin plastic pin 
grid array package. The MIL-STD-883C version, the 
TMC2330L5V, is housed in a ceramic chip carrier and is 
specified over the full extended (-55 to 125°C) case 
temperature range. 

Features 

♦ Rectangular-to-Polar or Polar-to-Rectangular 
conversion at guaranteed 25 MOPS pipelined 
throughput rate 

♦ Polar data: 1 6-bit magnitude, 32-bit input/1 6-bit 
output phase 



16-bit user-selectable two's complement or sign-and- 

magnitude rectangular data formats 

Input register clock enables and asynchronous output 

enables simplify interfacing 

User-configurable phase accumulator for waveform 

synthesis and amplitude, frequency, or phase 

modulation 

Magnitude output data overflow flag (in Polar-to- 
Rectangular mode) 

Low power consumption CMOS process 
Single +5V power supply 

Available in a 120-pin plastic pin grid array package 
Available in a 132-1 eaded CERQUAD 



Applications 

♦ Scan conversion (phased array to raster) 

♦ Vector magnitude estimation 

♦ Range and bearing derivation 

♦ Spectral analysis 

♦ Digital waveform synthesis, including quadrature 
functions 

♦ Digital modulation and demodulation 

TMC2330 Logic Symbol 



DATA INPUTS 
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Functional Description 
General Information 

The TMC2330 converts between Rectangular (Cartesian) 
and Polar (Phase and Magnitude) coordinate data word 
pairs. The user selects the numeric format and trans- 
formation to be performed (Rectangular-To-Polar or Polar- 
To-Rectangular), and the operation is performed on the 
data presented to the inputs on the next clock. The 
transformed result is then available at the outputs 22 
clock cycles later, with new output data available every 
40ns. All input and output data ports are registered, with 
input clock enables and asynchronous high-impedance 
output enables to simplify connections to system buses. 

When executing a Rectangular-To-Polar conversion, the 
input ports accept 16-bit Rectangular coordinate words, 
and the output ports generate 16-bit magnitude and 



16-bit phase data. The user selects either two's comple- 
ment or sign-and-magnitude Cartesian data format. Polar 
magnitude data are always in magnitude format only. 
Since the phase angle word is modulo 2ir, it may be 
regarded as either unsigned or two's complement format 
[Tables 1 and 2). 

In Polar-To-Rectangular mode, the input ports accept 
16-bit Polar magnitude and 32-bit phase data, and the 
output ports produce 16-bit Rectangular data words. 
Again, the user selects between two's complement or 
sign-and-magnitude Cartesian data format. The dual 
32-bit phase accumulator input registers are useful in 
signal synthesis applications, storing high-accuracy 
(0.006Hz at the maximum clock rate) phase increment 
values with minimal accumulation error. This allows the 
TMC2330 to generate precision quadrature waveforms 
unattended, once the accumulator has been enabled. 
The flexible input phase accumulator structure supports 
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General Information (cont.) 

frequency or phase modulation, as determined by the 
input register clock enable ENYP-| g and accumulator 
control word ACCi q. The 16 MSGs (Most Significant 
Bits) of phase data' are used in the transformation itself. 

Signal Definitions 



Power 

Vqd, gnd 

Clock 

CLK 



The TMC2330 operates from a single +5V 
supply. All power and ground pins must be 
connected. 



The TMC2330 operates from a single clock. 
All enabled registers are strobed on the 
rising edge of CLK, which is the reference 
for all timing specifications. 



Inputs/Outputs 

XRIN 15 _ 0 



XRIN -] 5_q is the registered Cartesian 
X-coordinate or Polar Magnitude (Radius) 
16-bit input data port. XRIN15 is the MSB - 



YPIN31-O YPIN3i_o is the registered Cartesian 

Y-coordinate or Polar Phase angle 32-bit 
input data port. The input phase accumu- 
lators are fed through this port in conjunc- 
tion with the input enable select ENYPi g. 
When RTP is HIGH (Rectangular-To-Polar), 
the input accumulators are normally not 
used. The 16 MSBs of YPIN are the input 
port, and the lower 16 bits become "don't 
cares" if ACC = 00. YPIN 31 is the MSB. 

RX0UTi5_g RXOUT^.g is the registered Polar Magni- 
tude (Radius) or X-coordinate 16-bit output 
data port. This output is for ced int o the 
high-impedance state when 0ERX = HIGH. 
RX0UT 15 is the MSB. 

PY0UTi5_g PY0UTi5_g is the registered Polar Phase 
angle or Cartesian Y-coordinate 16-bit 
output data port. This output is forced 
to the high-impedance state when 
0EPY= HIGH. PY0UT 15 is the MSB. 



Controls 

ENXR 



current clock when ENXR is HIGH. When 
ENXR is LOW, the value stored in the 
register remains unchanged. 

ENYPi g The value presented to the YPIN input port 
is latched into the phase accumulator input 
registers on the current clock, as deter- 
mined by the control inputs ENYP^ g, as 
shown below: 



ENYP lf0 


Instruction 


00 


No registers enabled, current data held 


01 


M register input enabled, C data held 


10 


C register input enabled, M data held 


11 


M register set to 0, C register input enabled 



where C is the Carrier register and M is 
the Modulation register, and 0 = L0W, 
1 = HIGH. See the Functional Block 
Diagram. 

RTP This registered input selects the current 

transformation mode of the device. When 
RTP is HIGH, the TMC2330 executes a 
Rectangular-To-Polar conversion. When RTP 
is LOW, a Polar-To-Rectangular conversion 
will be performed. The input and output 
ports are then configured to handle data in 
the appropriate coordinate system. This is a 
static input. See the Timing Diagram. 

ACC-j o In applications utilizing the TMC2330 to 

perform waveform synthesis and modulation 
in the Polar-To-Rectangular mode (RTP = 
LOW), the user determines the internal 
phase Accumulator structure implemented 
on the next clock by setting the accumu- 
lator control word ACC-j g, as shown below: 



ACC 10 


Configuration 


00 


No accumulation performed 


01 


PM accumulator path enabled 


10 


FM accumulator path enabled 


11 


(Nonsensical) logical OR of PM and FM 



The value presented to the input port XRIN 
is latched into the input registers on the 



where 0 = L0W, 1 = HIGH. See the 
Functional Block Diagram. 

The accumulator will roll over correctly 
when full-scale is exceeded, allowing the 
user to perform continuous phase accumu- 
lation through 2-w radians, or 360 degrees. 
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Controls (cont.) 

ACCi o Note that the accumulators will also func- 
(cont.j tion when RTP = HIGH (Rectangular-To- 
Polar), which is useful when performing 
backward mapping from Cartesian to polar 
coordinates. However, most applications will 
require that ACC-] q ^ e set t0 00 to avoid 
accumulating the tartesian Y input data. 

TCXY The format select control sets the numeric 
format of the Rectangular data, whether 
input (RTP = HIGH) or output (RTP = L0W). 
This control indicates two's complement 
format when TCXY=HIGH, and sign-and- 
magnitude when LOW. This is a static 
input. See the Timing Diagram. 



OVF 



When RTP = L0W (Polar-To-Rectangular), the 
Overflow Flag will go HIGH on the clock 
that the magnitude of either of the current 
Cartesian coordinate outputs exceeds the 
maximum range. It will return LOW on the 
clock that the Cartesian out-put value(s) 
return to full-scale or less. See the 
Applications Discussion section. Overflow 
is not possible in Rectangular-To-Polar mode 
(RTP = HIGH). 



OERX, OEPY Data in the output registers are available 
at the outputs of the device when the 
respective as ynchro no us Out put Enables are 
LOW. When OERX or OEPY is HIGH, the 
respective output port(s) is in the high- 
impedance state. 



Package Interconnections 



Clonal 

dignal 
Type 


signal 
Name 


Function 


H5 Package Pins 


L5 Package Pins 


Power 


V DD 


Supply Voltage 


C3, E3, H3, L4, L6, L8, L11, F11, Ell, 
C1 1, C8, C6 


1, 9, 21, 37, 45, 53, 67, 87, 91, 99, 
112, 120 




GND 


Ground 


D3, E2, F2, G3, K3, L3, L7, KIT, J11, 
G11, El 2, D11, CIO, C9, C7, C5, C4 


5, 11, 14, 17, 29, 33, 49, 75, 83, 89, 
95, 104, 108, 116, 124, 129 


Clock 


CLK 


System Clock 


F3 


13 


Inputs 


XRIN 15 _ 0 


X or Radius Data 


F12, F13, G13, G12, H13, H12, H11, J13, 
J12, K13, K12, L13, L12, M13, M12, N13 


86, 85, 84, 82, 81, 80, 79, 78, 77, 76, 
74, 73, 71, 69, 68, 66 




YPIN 31 _ 0 


Y or Phase Data 


L10, N12, Nil, M10, L9, N10, M9, N9, 
M8, N8, N7, M7, N6, M6, N5, M5, N4, 
L5, M4, N3, M3, N2, M2, N1, L2, Ml, 
L1,K2, J3, K1, J2, J1 


61, 60, 59, 58, 57, 56, 55, 54, 52, 51, 
50, 48, 47, 46, 44, 43, 42, 41, 40, 39, 
38, 36, 34, 31, 30, 28, 27, 26, 25, 24, 
23, 22 


Outputs 


RXOUT 15 _ 0 


Radius or X Data 


D13, D12, C13, B13, C12, A13, B12, A12, 
B11, All, BIO, A10, B9, A9, B8, A8 


90, 92, 93, 94, 96, 97, 100, 102, 105, 
106, 107, 109, 110, 111, 113, 114 




PYOUT 15 _ 0 


Phase or Y Data 


A7, A6, B6, A5, B5, A4, B4, A3, A2, B3, 
A1, B2, B1, C2, CI, D2 


117, 118, 119, 121, 122, 123, 125, 
126, 127, 130, 132, 3, 4, 6, 7, 8 


Controls 


ENXR 


X or Radius In Enable 


M11 


63 




ENYP lf0 


Y or Phase In Enable 


G1, G2 


18, 16 




RTP 


Conversion Select 


E1 


12 




ACC^o 


Accumulate Control 


H2, H1 


20, 19 




TCXY 


Cartesian Data Format 


F1 


15 




OERX 


Radius or X Out Enable 


E13 


88 




OEPY 


Phase or Y Out Enable 


D1 


10 


Flags 


OVF 


Overflow Flag 


B7 


115 


No Connect 


NC 


No Connect Pins 




2, 32, 35, 62, 64, 65, 72, 98, 101, 
103, 128, 131 






Index Pin 


D4 
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Static Control Inputs 

The controls RTP and TCXY determine the transformation 
mode and the assumed numeric format of the Rectan- 
gular data. The user must exercise caution when 
changing either of these controls, as the new trans- 



formed results will not be seen the at the outputs until 
the entire internal pipe (22 clocks) has been flushed. 
Thus, these controls are considered static. 



Table 1. Data Input/Output Formats - Integer Format 



Port RTP TCXY 31 30 29 



Bit # 

16 15 14 



Format 



XRIN 


0 


X 










2 15 


21 4 . 


. . 2° 




u 


XRIN 


1 


0 










NS 


2 14 . 


. . 20 




s 


XRIN 


1 


1 










_ 2 15 


2" . 


. . 2° 




T 


YPIN 


0 


X 


±20. 


2 -1 


2-2 


. 2-15 


2 -16 


2-17 . 


. . 2-31 


(xtt)T/U 




YPIN 


1 


0 


NS 


2 14 


2 13 


20. 










s 


YPIN 


1 


1 


_ 2 15 


2 14 


2« . 


20. 










T 


RX0UT 


0 


0 










NS 


2" . 


. . 20. 




s 


RXOUT 


0 


1 










_ 2 15 


2 14 


. . 2° 




T 


RXOUT 


1 


X 










2 15 


2" . 


. . 20. 




U 


PY0UT 


0 


0 










NS 


2" . 


. . 2° 




s 


PY0UT 


0 


1 










_ 2 15 


2" . 


. . 20. 




T 


PYOUT 


1 


X 










±20. 


2-1 


. . 2-15 


(xtt)T/U 





Table 2. Data Input/Output Formats - Fractional Format 

















Bit # 










Port 


RTP 


TCXY 


31 


30 


29 


. . 16 


15 


14 


. . 0 


Format 




XRIN 


0 


X 










2° 


2-1 


. . 2-15 




u 


XRIN 


1 


0 










NS. 


2-1 


. . 2-15 




s 


XRIN 


1 


1 










-20 


2-1 


. . 2-15 




T 


YPIN 


0 


X 


±20. 


2-1 


2-2 


. . 2-15 


2 -16 


2 -17 . 


. . 2-31 


(xtt)T/U 




YPIN 


1 


0 


NS. 


2-1 


2-2 


. . 2-15 










s 


YPIN 


1 


1 


-20 


2-1 


2-2 


. . 2-15 










T 


RXOUT 


0 


0 










NS. 


2-1 . 


. . 2-15 




s 


RXOUT 


0 


1 










-2° 


2-1 


. . 2-15 




T 


RXOUT 


1 


X 










2° 


2-1 


. . 2-15 




U 


PYOUT 


0 


0 










NS. 


2-1 


. . 2-15 




s 


PYOUT 


0 


1 










-20. 


2-1 


. . 2-15 




T 


PYOUT 


1 


X 










±2°. 


2-1 


. . 2-15 


(xtt)T/U 





Notes: 1. -2 1 5 denotes two's complement sign bit. 

2. NS denotes negative sign, i.e., T negates the number. 

3. ±2° denotes two's complement sign or highest magni- 
tude bit - since phase angles are modulo 2ic and 
phase accumulator is modulo 2 32 , this bit may be 
regarded as + ir or -7r. 

4. All phase angles are in terms of ir radians, hence 
notation "xir." 

5. If A cc = 00, YPIN (15-0) are "don't cares." 



6. Formats: 

T=Two's Complement 
S = Signed Magnitude 
U = Unsigned 



HEX 


U 


T 


S 


FFFF 


65535 


-1 


-32767 


8001 
8000 
7FFF 


32769 
32768 
32767 


-32767 
-32768 
32767 


-1 
0 

32767 


0001 
0000 


1 
0 


1 
0 


1 
0 
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Figure 1. Timing Diagram - No Accumulation 

! PWH i *PWL 
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""OUT (15 . 0) , 1 PYOUT (15 . 0) 

Note: 1. oiRX,OEPY-LOW 
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I I I I „. 



^0 



Figure 2. Timing Diagram - Phase Modulation 



CLK 



22 23 24 25 

~i_n_n_rLr 



RTPJCXY 



™yr ^k 'A-A'A'A'A'A 

». xx.mxxmmmxxxxxxxxxxxx 

^, XX»XX>XX.'XX-XX.'XX-XXiTW 



PXOUT, 
PYOUT 



Notes: 1. OERX, OEPY = LOW. 

2. Carrier C and amplitude R loaded on CLK 0. 

3. Modulation values I, J, K, L, . . . loaded on CLK 1, CLK 2, etc. 

4. Output corresponding to modulation loaded at CLK i emerged t nn after CLK i + 21 . 

5. To modulate amplitude, vary XRIN with ENXR = 1 . 
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Figure 3. Equivalent Input Circuit 
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input o-AA/V- 
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Figure 4. Equivalent Output Circuit 
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Figure 5. Transition Levels for Three-State Measurements 



OEXR, OEYP 



THREE-STATE 
OUTPUTS 



0.5V 



HIGH IMPEDANCE 



1 0.5V 



ENA 



< 



2.0V 
0.8V 



Absolute maximum ratings (beyond which the device may be damaged) 



Supply Voltage -0.5 to +7.0V 

Input Voltage -0.5 to (V DD + 0.5)V 



Output Voltage 

Applied voltage 

Forced current 

Short-circuit duration (single output in HIGH state to ground) . 



-0.5 to (V DD + 0.5)V 2 

-6.0 to 6.0mA 3 ' 4 

1 Second 



Temperature 



Operating, case 

junction 

Lead, soldering (10 seconds) . 
Storage 



-60 to +130°C 

175°C 

300°C 

-65 to +150°C 



Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 
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Operating conditions 









Temperature Range 










Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


V DD 


Supply Voltage 




4.75 


5.25 


4.5 


5.5 


V 


V|L 


Input Voltage, Logic LOW 






0.8 




0.8 


v 


V IH 


Input Voltage, Logic HIGH 




2.0 




2.0 




v 


'OL 


Output Current, Logic LOW 






8.0 




8.0 


mA 


■oh 


Output Current, Logic HIGH 






-4.0 




-4.0 


mA 


l a 


Cycle Time 


Vrjrj = Min 


50 




55 




ns 






TMC2330-1 


40 




45 




ns 


tpwL 


Clock Pulse Width, LOW 


Vrjrj = Min 


10 




11 




ns 






TMC2330-1 


8 




8 




ns 


tpWH 


Clock Pulse Width, HIGH 


VrjQ = Min 


8 




8 




ns 






I IVIUZooU-l 


6 




6 




ns 


*s 


Input Setup Time 




12 




13 




ns 






TMC2330-1 


10 




11 




ns 


*H 


Input Hold Time 




1 




2 




ns 






TMC2330-1 


1 




2 




ns 


T A 


Ambient Temperature, Still Air 




0 


70 






°C 




Case Temperature 








-55 


125 


°C 



Electrical characteristics within specified operating conditions 1 







Temperature Range 








Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


Iqqq Supply Current, Quiescent 


V DD = Max, V, N = 0V 




10 




10 


mA 


IqDU Supply Current, Unloaded 


V DD = Max, f= 20MHz 
OERX and 0EPY=V DD 




160 




160 


mA 


l|l_ Input Current, Logic LOW 


V DD = Max, V, N = 0V 




-10 




-10 




Input Current, Logic HIGH 


V DD = Max, V| N =V DD 




10 




10 




V 0 |_ Output Voltage, Logic LOW 


VrjQ = Min, lg|_ = Max 




0.4 




0.4 


V 


V 0H Output Voltage, Logic HIGH 


Vqq = Min, lgn = Max 


2.4 




2.4 




V 


IgZL Hi-Z Output Leakage Current, Output LOW 


V DD = Max, V, N = 0V 




-40 




-40 


/*A 


IgZH Hi-Z Output Leakage Current, Output HIGH 


V DD = Max, V| N =V DD 




40 




40 




IgS Short-Circuit Output Current 


Vgg = Max, Output HIGH, one pin to 
ground, one second duration max. 


-20 


-100 


-20 


-100 


^ 


C| Input Capacitance 


T A =25°C, f=1MHz 




10 




10 


PF 


Cg Output Capacitance 


T A =25°C, f=1MHz 




10 




10 


PF 



Note: 1. Actual test conditions may vary from those shown, but specified operation is guaranteed. 
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Switching characteristics within specified operating conditions 







Temperature Range 








Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


tQ Output Delay 


V DD = Mm, C LOAD = 40pF 




22 




25 


ns 




TMC2330-1 




20 




23 


ns 


t|_|0 Output Hold Time 


V DD = Max, C LOAD = 40pF 




4 




4 


ns 




TMC2330-1 




4 




4 


ns 


t EM A. 0 ut P ut Enable Delay 


V DD = Min, C LOAD = 40pF 




13 




17 


ns 




TMC2330-1 




12 




15 


ns 


tQ|5 Output Disable Delay 


V DD = Min, C LOAD = 40pF 




14 




14 


ns 




TMC2330-1 




13 




13 


ns 



Applications Discussion 
Numeric Overflow 

Because the TMC2330 accommodates 16-bit unsigned 
radii and 16-bit signed Cartesian coordinates, Polar-To- 
Rectangular conversions can overflow for incoming radii 
greater than 32767 = 7FFFh and will overflow for all 
incoming radii greater than 46341 = B505h. (In signed 
magnitude mode, a radius of 46340 = B504h will also 
overflow at all angles.) The regions of overflow and of 
correct conversion are illustrated in Figure 6. 

In signed magnitude mode, overflows are circularly 
symmetrical - if a given radius overflows at an angle 
P, it will also overflow at the angles tt-P, tt+P, and 
-P. This is because -X will overflow if and only if X 
overflows, and -Y will overflow if and only if Y 
overflows. 



In two's complement mode, the number system's asym- 
metry complicates the overflow conditions slightly. An 
input vector with an X component of - 32768 = 8000h 
will not overflow, whereas one with an X component of 
+ 32768 will. Table 3 summarizes several simple cases 
of overflow and near-overflow. 

Numeric Underflow 

In RTP = 1 (Rectangular-To-Polar mode), if XRIN=YPIN = 
0, the angle is undefined. Under these conditions, the 
TMC2330 will output the expected radius of 0 (RXOUT= 
0000) and an angle of 1.744 radians (PYOUT-4707). 
This angle is an artifact of the CORDIC algorithm and is 
not flagged as an error, since the angle of any 0 length 
vector is arbitrary. 



Table 3a. X-Dimensional Marginal Overflows 



Table 3b. Maximal Overflow (Radius In = 65535) 



TC YPIN 


OV RXOUT 


CORRECT X 


TC YPIN 


OV RXOUT 


CORRECT X 


0 0000 = 0 


1 0000= +0 


+ 32768 


0 0000 = 0 


1 7FFF= +32767 


+ 65535 


0 8000 = tt 


1 8000= -0 


-32768 


0 8000 = tt 


1 FFFF= -32767 


-65535 


1 0000 = 0 


1 8000= -32768 


+ 32768 


1 0000 = 0 


1 FFFF= -1 


+ 65535 


1 8000 = tt 


0 8000= -32768 


-32768 


1 8000 = tt 


1 0001 = +1 


-65535 



In all cases, RTP = 0 (Polar-To-Rectangular mode) and 
XRIN = 8000 (incoming radius- 32768). 



In all cases, RTP = 0 (Polar-To-Rectangular mode) and 
XRIN = 7FFF (incoming radius = 65535, which will always 
overflow). 
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Figure 6. First Quadrant Coordinate Relationships 




X = R(cos9) 
Y = R(sine) 

and 



R = ^/x 2 + Y 2 
0 = tan- 1 (Y/X) 



If R < 32768, overflow will not occur (region A). 

If R > 32767, overflow will occur (region C) if |X| > 32767 or |Y| > 32767. 

If R > 32767, overflow will not occur (region B) if |X| < 32768 and |Y| < 32768. 



Performing Scan Conversion with the TMC2330 

Medical Imaging Systems such as Ultrasound, MRI, and 
PET, and phased array Radar and Sonar systems gen- 
erate radial-format coordinates (range or distance, and 
bearing) which must be converted into raster-scan format 
for further processing and display. Utilizing the TRW 



TMC2301 Image Resampling Sequencer, a minimum 
chipcount Scan Converter can be implemented which 
utilizes the trigonometric translation performed by the 
TMC2330 to backwards-map from a Cartesian coordinate 
set into the Polar source image buffer address space. 



Figure 7. Block Diagram of Scan Converter Circuit Utilizing TMC2330 and TMC2301 Image Resampling 
Sequencer 



(2) TMC2301 OR 
(2)TMC2302 IMAGE 
RESAMPLING SEQUENCERS 



TWR 

~ r 



SADR 



SADR 



TADR 



J 



TADR 



TMC2330 

COORDINATE 

TRANSFORMER 



(4) TMC2011 

DELAY 

REGISTER 

A 



SOURCE 

IMAGE 

BUFFER 

DATA OUT 



> 



1L 



DATA IN 



TARGET 

IMAGE 

BUFFER 



TMC2208 MULTIPLIER-ACCUMULATOR 
OR 

TMC2246 PIXEL INTERPOLATOR 
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As shown in Figure 7, the TMC2330 transforms the 
Cartesian source image addresses from the TMC2301 
directly to vector distance and angle coordinates, while 
the TMC2301 writes the resulting resampled pixel values 
into the target memory in raster fashion. Note that the 
ability to perform this spatial transformation in either 
direction gives the user the freedom to process images 
in either coordinate space, with little restriction. Image 
manipulation such as zooms or tilts can easily be 
included in the transformation by programming the 
desired image manipulation into the TMC2301's 
transformation parameter registers. 

Statistical Evaluation of Double Conversion 

In this empirical test, 10,000 random Cartesian vectors 
were converted to and from polar format by the 
TMC2330. The resulting Cartesian pairs were then 
compared against the original ones. The unrestricted data 
base represents uniform sampling over a square bounded 
by -32769<x<32768 and - 32769 <y <32768. 



The results of the 10,000-vector study were as follows: 



Mean Error (X) 
Mean Error (Y) 
Mean Absolute Error (X) 
Mean Absolute Error (Y) 
Root Mean Square Error 



= +0.0052 LSB 

= +0.0031 LSB 

= 0.662 LSB 

= 0.664 LSB 

= 1.025 LSB 



Root Mean Square Error (Y) = 1.020 LSB 
Max Error (X) = +4/ -5 LSB 

Max Error (Y) = +5/ -4 LSB 

Since this is a double conversion (rectangular to polar 
and back) which includes a wide variety of "good case" 
and "bad case" vectors, the chip should perform even 
better in many actual systems. Repeating the experiment 
and restricting the original data set to an annulus defined 
by 8196<R<32768 reduced the mean square error to 
0.89 LSB and the peak error to ±4 LSB (x or y). These 
latter results are more germane to synthesizer, demodu- 
lator, and other applications in which the amplitude can 
be restricted to lie between quarter and full scale. 



Ordering Information 



Product 
Number 


Temperature Range 


Screening 


Package 


Package 
Marking 


TMC2330H5C1 
TMC2330H5C 


STD:TA = 0to70°C 
STD:T A = 0to70°C 


Commercial 
Commercial 


121-Pin Plastic Pin Grid Array 
121-Pin Plastic Pin Grid Array 


2330H5C1 
2330H5C 


TMC2330L5V1 
TMC2330L5V 


EXT:Tc»-55°CtDl25 c C 
EXr:Tc = -55°Cto125°C 


MIL-STD-883 
MIL-STD-883 


132-Leaded CERQUAD 
132-Leaded CERQUAD 


2330L5V1 
2330L5V 


TMC2330G1V1 
TMC2330G1V 


EXT:Tc = -55°Cto125°C 
EXr:T C = -55°Cto125°C 


MIL-STD-883 
MIL-STD-883 


120-Pin Ceramic PGA 
120-Pin Ceramic PGA 


2330G1V1 
2330G1V 
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Pin Assignments — 121-Pin Plastic Pin Grid Array, H5 Package; 120-Pin Ceramic PGA, G1 Package 



Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


A1 


PYOUT5 


B3 


PYOUTr 
0 


C5 


GND 


El 


RTP 


G11 


GND 


K1 


YPIN 2 


L10 


YPINqi 


M12 


XRINt 


A2 


PYOUTy 


B4 


PYOUTg 


C6 


Vnn 
uu 


E2 


GND 


G12 


XRIN 12 


K2 


YPIN4 


L11 


Vnn 
uu 


M13 


XRIN 2 


A3 


PYOUT 8 


B5 


PYOUT n 


C7 


GND 


E3 


v DD 


G13 


XRIN 13 


K3 


GND 


L12 


XRIN3 


N1 


YPINg 


A4 


PYOUT 10 


B6 


PY0UT 13 


C8 


V DD 


E11 


V DD 


H1 


ACC 0 


K11 


GND 


L13 


XRIN4 


N2 


YPIN 10 


A5 


PYOUT 12 


B7 


OVF 


C9 


GND 


E12 


GND 


H2 


ACCt 


K12 


XRIN 5 


M1 


YPINg 


N3 


YPIN 12 


A6 


PYOUT 14 


B8 


RXOUT! 


C10 


GND 


E13 


OERX 


H3 


Vnn 


K13 


XRINg 


M2 


YPINg 


N4 


YPINic 


A7 


PYOUT 15 


B9 


RXOUT3 


C11 


V DD 


F1 


TCXY 


H11 


XRINg 


L1 


YPIN 5 


M3 


YPIN n 


N5 


YPIN 17 


A8 


RXOUTq 


B10 


RXOUT 5 


C12 


RXOUT n 


F2 


GND 


H12 


XRIN 10 


L2 


YPIN7 


M4 


YPIN 13 


N6 


YPIN 19 


A9 


RX0UT 2 


B11 


RX0UT 7 


C13 


RXOUT 13 


F3 


CLK 


H13 


XRIN n 


L3 


GND 


M5 


YPIN 16 


N7 


YPIN 21 


A10 


RXOUT4 


B12 


RXOUTg 


D1 


OEPY 


F11 


V D D 


J1 


YPINg 


L4 


v D d 


M6 


YPIN 18 


N8 


YPIN 22 


A11 


RXOUT 6 


B13 


RXOUT 12 


D2 


PYOUTq 


F12 


XRIN 15 


J2 


YPI^ 


L5 


YPIN 14 


M7 


YPIN 20 


N9 


YPIN 24 


A12 


RXOUTg 


CI 


PYOUT! 


D3 


GND 


F13 


XRIN 14 


J3 


YPIN3 


L6 


v DD 


M8 


YPIN 23 


N10 


YPIN 26 


A13 


RXOUT 10 


C2 


PY0UT 2 


D11 


GND 


G1 


ENYPt 


J11 


GND 


L7 


GND 


M9 


YPIN 25 


N11 


YPIN 29 


B1 


PYOUT3 


C3 


v D d 


D12 


RX0UT 14 


G2 


ENYPq 


J12 


XRIN 7 


L8 


v D d 


M10 


YPIN 2 g 


N12 


YPIN 30 


B2 


PYOUT4 


C4 


GND 


D13 


RXOUT 15 


G3 


GND 


J13 


XRIN 8 


L9 


YPIN 27 


M11 


ENXR 


N13 


XRINg 
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Pin Assignments - 132 Leaded CERQUAD, L5 Package 



Pin 
r in 


Nome 


Pin 

r in 


Mama 


Pin 

rin 


iMame 


Pin 
r III 


IMame 


Pin 
rill 


IMalTIG 


Pin 

rin 


M^mA 

lAiame 


1 


v D d 


23 


YPIN 1 


45 


v D d 


67 


v D d 


89 


GND 


111 


RX0UT 2 


2 


NC 


24 


YPIN 2 


46 


ypin 18 


68 


rxini 


90 


RX0UT 15 


112 


VDD 


3 


PY0UT 4 


25 


YPIN3 


47 


YPIN 19 


69 


RXIN2 


91 


v D d 


113 


RXOUTt 


4 


PYOUT3 


26 


YPIN4 


48 


YPIN20 


70 


GND 


92 


RX0UT 14 


114 


RXOUTg 


5 


GND 


27 


YPIN 5 


49 


GND 


71 


RXIN3 


93 


RX0UT 13 


115 


OVF 


6 


PYOUT 2 


28 


YPIN 6 


50 


YPIN 21 


72 


NC 


94 


RX0UT 12 


116 


GND 


7 


PYOUTt 


29 


GND 


51 


YPIN 22 


73 


RXIN4 


95 


GND 


117 


PY0UT 15 


8 


PYOUTg 


30 


YPIN 7 


52 


YPIN 23 


74 


RXIN 5 


96 


RX0UT n 


118 


PYOUT 14 


9 


v D d 


31 


YPIN 8 


53 


v D d 


75 


GND 


97 


RXOUT 10 


119 


PY0UT 13 


10 


OEPY 


32 


NC 


54 


YPIN 24 


76 


RXIN 6 


98 


NC 


120 


v D d 


11 


GND 


33 


GND 


55 


YPIN25 


77 


RXIN7 


99 


v D d 


121 


PYOUT 12 


12 


RTP 


34 


YPINg 


56 


YPIN 26 


78 


RXIN 8 


100 


RXOUTg 


122 


PYOUTq 


13 


CLK 


35 


NC 


57 


YPIN 27 


79 


RXINg 


101 


NC 


123 


PYOUT 10 


14 


GND 


36 


YPIN 10 


58 


YPIN 28 


80 


RXIN 10 


102 


RX0UT 8 


124 


GND 


15 


TCXY 


37 


v D d 


59 


YPIN 29 


81 


RXIN n 


103 


NC 


125 


PYOUTg 


16 


ENYPg 


38 


YP!N n 


60 


YPIN30 


82 


RXIN 12 


104 


GND 


126 


PYOUTg 


17 


GND 


39 


YPIN 12 


61 


YPIN 31 


83 


GND 


105 


RXOUT 7 


127 


PYOUT 7 


18 


ENYPt 


40 


YPIN 13 


62 


NC 


84 


RXIN 13 


106 


RXOUTg 


128 


NC 


19 


acc 0 


41 


YPIN 14 


63 


ENXR 


85 


RXIN 14 


107 


RX0UT 5 


129 


GND 


20 


AC^ 


42 


YPIN 15 


64 


NC 


86 


RXIN 15 


108 


GND 


130 


PYOUTg 


21 


v D d 


43 


YPiN 16 


65 


NC 


87 


v D d 


109 


RX0UT 4 


131 


NC 


22 


ypin 0 


44 


YPIN 17 


66 


XRIN 0 


88 


OERX 


110 


RXOUT3 


132 


PYOUTg 



132 100 




34 66 21 062A 



40G06721 Rev C 8/93 



For More information call 1 -800-722-7074. Raytheon Semiconductor 3-331 



TMC2330 



3-332 Raytheon Semiconductor More information call 1-800-722-7074. 



Section 3 — Standard Products 



Vector Processing 
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Vector Processing, also known as Systolic Processing, 
operates in parallel on an array of data, or on a data 
stream. Very high processing throughput rates are thus 
achieved. 

Raytheon's vector processors include FIR filters (the 
TDC1028, TMC2242 and TMC2243), which all operate 



at video word rates. The TMC2246 Image Filter supports 
fast pixel manipulation of a 1- or 2-dimensional picture. 
The TMC2249 is ideal for mixing two digital video 
streams, while the TMC2250 and TMC2255 perform high 
speed matrix multiplication and convolution. 









Clock 
Rate 1 


Power 1 








Product 


Description 


Size 


(MHz) 


(Watts) 


Package 


Grade 


Notes 


TMC2242-1 


Half-Band Digital Filter 


2/16 Bit 


40 


0.5 


R2 


C 


2:1 interpolate or decimate. 








30 


0.5 


R2 


C 


Low-pass (-60 dB @ 0.25 F s ) 


TMC2243 


Video Filter 


10x10x3 


20 


0.5 


G8, H8 


c,v 


Cascadeable. 


TMC2246-1 


Image Filter 


10x11 bit 


40 


0.5 


H5.L5 


c,v 


Four-pixel interpolator. 








30 


0.5 


H5,L5 


c,v 




TMC2249-1 


Digital Mixer 


12x12x2 


30 


0.5 


H5,L5 


c,v 


Cascadeable. Programmable delays. 








25 


0.5 


H5.L5 


c,v 




TMC2250-2 


Matrix Multiplier 


12x10x9 


40 


1.2 


H5 


C 


2D convolution 3x3, 2x4. 


-1 






36 


1.2 


H5, G1 


c,v 


1D convolution, 9 taps. 








30 


1.2 


H5, G1 


c,v 


3x3 matrix x 3x1 vector 


TMC2255-1 


2D Convolver 


5x5x8 bit 


12.5 
10 


0.6 
0.6 


R1 
R1 


C 
C 


3x3, symmetric 5x5 2D convolver. 



Notes: 

1 . Guaranteed. See product specifications for test conditions. 

2. A * High Reliability, T c = -55°C to 1 25°C. 
C = Commercial, T A = 0°C to 70°C. 

V = MIL-STD-883 compliant, T c * -55°C to 125°C. 
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TMC2250 
Matrix Multiplier 

12x12 Bits, 40 MHz 



Description 

The TMC2250 is a flexible high-performance nine- 
multiplier array VLSI circuit which can execute a 
cascadeable 9-tap FIR filter, a cascadeable 4 x 2 or 3 x 
3-pixel image convolution, or a 3 x 3 color space 
conversion. All configurations offer throughput at up to 
the maximum guaranteed 40 MHz clock rate with 12-bit 
data and 10-bit coefficients. All inputs and outputs are 
registered on the rising edges of the clock. 

The 3 x 3 matrix multiply or color conversion 
configuration can perform video standard conversion 
(YIQ or YUV to RGB, etc.) or three-dimensional 
perspective translation at real-time video rates. 

The 9-tap FIR filter configuration, useful in Video, 
Telecommunications, and Signal Processing, features a 



16-bit cascade input to allow construction of longer 
filters. 

The cascadeable 3 x 3 and 4 x 2-pixel image convolver 
functions allow the user to perform numerous image 
processing functions, including static filters and edge 
detectors. The 16-bit cascade input port facilitates two- 
chip 40 MHz cubic convolution (4 x 4-pixel kernel). 

The TMC2250 is fabricated in a one-micron CMOS 
process and operates at clock speeds of up to 40 MHz 
over the full commercial (0°C to 70°C) temperature and 
supply voltage ranges. It is available in a 121 -pin plastic 
pin grid array (PPGA) package. All input and output 
signals are TTL compatible. 



Logic Symbol 



CONTROL 



COEFFICIENT 
INPUTS 



DATA / 
INPUTS N 



CLOCK >- 



MODE (1,0) > 7^ 

CWE(I.O) > -ft 



1 1 

KA(9-0) > / 



KB(9-0) ^ J" 



KC(9-0) 



-N 
-V 
-N 
V 
A 
V 



A(H-O) > f~ 



-N 
V 



BQ1-0) > / 



ILK 



il 

0(11-0) -? y- 



-V 



®®® 

®®® 
®®® 

9 -MULTIPLIER ARRAY 



PIN 
NAME 


DATA CASCADE 
OUTPUT INTERFACE 


XC (11-0) 


ll A l I 
= X(11 -0)/CASIN (15-4) 


YC (11-8) 


= Y (11 - 8) / CASIN (3 - 0) 


Y(7-4) 


= Y(7-4) 


YC(3-0) 


= Y(3-0)/CASOUT(3-0) 


ZC (11 - 0) 


= Z(11 -0)/CASOUT (15-4) 




21280A 
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Features 



• Four User-Selectable Filtering And Transformation 
Functions: 

Triple Dot Product (3 x 3) Matrix Multiply 
Cascadeable 9-Tap Systolic FIR Filter 
Cascadeable 3 x 3-Pixel Image Convolver 
Cascadeable 4 x 2-Pixel Image Convolver 

• 40MHz (25ns) Pipelined Throughput 

• 12-Bit Input And Output Data, 10-Bit Coefficients 

• 16-Bit Cascade Input And Output Ports In All Filter 
Modes 

• Onboard Coefficient Storage, With Three-Cycle 
Updating Of All Nine Coefficients 

Applications 

• Image Filtering And Manipulation 

• Video Effects Generation 

• Video Standards Conversion And Encoding/Decoding 

• Three-Dimensional Image Manipulation 

• Medical Image Processing 

• Edge Detection For Object Recognition 

• FIR Filtering For Communications Systems 

Functional Description 
General Information 

The TMC2250 is a nine-multiplier array with the internal 
bus structure and summing adders needed to implement 
a 3 x 3 matrix multiplier (triple dot product) or cascade- 
able 9-tap FIR filter, 3 x 3-pixel convolver, or 4 x 2-pixel 
convolver, all in one monolithic circuit. With a 30MHz 
guaranteed maximum clock rate, this device offers video 
and imaging system designers a single-chip solution to 
numerous common image and signal-processing problems. 

The three data input ports (A, B, C) accept 12-bit two's 
complement integer data, which is also the format for 
the output ports (X, Y, Z) in the matrix multiply mode 
(Mode 00). In the filter configurations (Modes 01, 10, 



and 11), the cascade ports assume 12-bit integer, 4-bit 
fractional two's complement data on both input and 
output. The coefficient input ports (KA, KB, KC) are 
always 10-bit two's complement fractional. Table 1 
details the bit weighting of the input and output data in 
all configurations. 

Operating Modes 

The TMC2250 can implement four different digital filter 
architectures. Upon selection of the desired function by 
the user (MODEi.q), the device reconfigures its internal 
data paths and input and output buses appropriately. The 
output ports (XC, YC, and ZC) are configured in all filter 
modes as 16-bit Cascade In and Cascade Out ports so 
that multiple devices can be connected to build larger 
filters. These modes are described individually below. The 
I/O pin-function configurations for all four modes are 
shown in Table 7. 

Definitions 

The calculations performed by the TMC2250 in each 
mode are also shown below, utilizing the following 
notation: 



A(1), B(5), 
C(2), 

CASIN(3j 



KA1(1), 
KB3(4) 



X(1), Y(4), 
Z(6), 

CASOUT(6) 



Indicates the data word presented to that 
input port during the specified clock rising 
edge (x). Applies to all input ports A^.g, 
B^.q, Cn_o, and CASIN 15 . 0 . 

Indicates coefficient data stored in the 
specified one of the nine onboard coeffi- 
cient registers KA1 through KC3, as shown 
in the block diagram for that mode, input 
during or before the specified clock rising 
edge (x). 

Indicates data available at that output port 
tog after the specified clock rising edge 
(x). Applies to all output ports X^.g, 
Yu-Q. Zn-o, and CAS0UT 15 . 0 . 
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Table 1. Data Port Formatting by Mode 



Mode 


Inputs 


Inputs/Outputs 


Outputs 


A 11-0 


B 11-0 


C 11-0 


KA 9 . 0 


KB 9-0 


KC 9-0 


xc 11-0 


YC 11-8 


Y 7 -4 


YC 3-0 


ZC 11-0 


00 


A 11-0 


B 11-0 


C 11-0 


K A 9- 0 


KB 9-0 


KC g-o 


x 11-0 


Y 11-8 


Y7-4 


Y 3-0 


Z 11-0 


01 


A 11-0 


A 11-0 


NC 


KA 9 . 0 


KB 9-0 


KC 9-0 


CASIN 15 _ 4 


CASIN 3 . 0 


NC 


CASOUT 3 _ 0 


CAS0UT 15 . 4 


10 


A 11-0 


B 11-0 


C 11-0 


K A 9-0 


KB 9-0 


KC g-o 


CASIN 15 „ 4 


CASIN 3 _ 0 


NC 


CASOUT 3 _ 0 


CASOUT 15 . 4 


11 


A 11-0 


B 11-0 


NC 


KA 9 _ 0 


KB g-o 


KC g-o 


CASIN 15 _ 4 


CASIN 3 _ 0 


NC 


CASOUT 3 _ 0 


CASOUT 15 _ 4 



Numeric Format 



Data Overflow 



Table 2 shows the binary weightings of the input and 
output ports of the TMC2250. Although the internal 
sums of products could grow to 23 bits, in the matrix 
multiply mode (Mode 00) the outputs X, Y, and Z are 
truncated to yield 12-bit integer words. Thus the output 
format is identical to the input data format. In the filter 
configurations (Modes 01, 10, and 11) the cascade 
output is always half-LSB rounded to 16 bits, specifically 
12 integer bits and 4 fractional guard bits, with no 
overflow "headroom." The user is of course free to half- 
LSB round the output word to any size less than 16 bits 
by forcing a 1 into the bit position of the cascade input 
immediately below the desired LSB. In all modes, bit 
weighting is easily adjusted if desired by applying the 
same scaling correction factor to both input and output 
data words. If the coefficients are reseated, the relative 
weightings of the CASIN and CAS0UT ports will differ 
accordingly. 



As shown in Table 2, the TMC2250's matched input and 
output data formats accommodate 0 dB (unity) gain. 
Therefore, the user must be aware of input conditions 
that could lead to numeric overflow. Maximum input 
data and coefficient word sizes must be taken into 
account with the specific algorithm performed to ensure 
that no overflow occurs. 

Signal Definitions 

Power 



Vqd, gnd 

Clock 

CLK 



The TMC2250 operates from a single +5V 
supply. All pins must be connected. 



The TMC2250 operates from a single 
system clock input. All timing specifications 
are referenced to the rising edge of clock. 



Table 2. Bit Weightings For Input and Output Data Words 



Bit Weights 


2 11 


2 10 


2» 


28 


21 


2 6 


25 


2« 


23 


22 


21 


2 0 


. 2-1 


2-2 


2-3 


2 -4 


2-5 


2 -6 


2-7 


2-8 


2-9 


Inputs 












































All Modes 
Data A, B, C 


"hi 


'10 


l9 


>8 


I? 


"6 


l 5 


I4 


l 3 


l2 


h 


lo 




















Coefficients 
KA, KB, KC 
























-Kg 


■ K 8 




h 


h 


K 4 


K 3 


K 2 


Kl 




Modes 01,10,11 
CASIN 


-CI15 


Cl 14 


Cl 13 


Cl 12 


Cl„ 


Cl 10 


Cl 9 


Cl 8 


Cl 7 


Cl 6 




Cl 4 


■ Cl 3 


Cl 2 


CI, 


Cl 0 












Internal Sum 


X 20 


x 19 


X 18 


X 17 


X 16 


x 15 


x 14 


x 13 


x 12 


x 11 


x 10 


X 9 


■ X 8 


x 7 


x 6 


x 5 


x 4 


X 3 


X 2 


x 1 


Xo 


Outputs 












































Mode 00 
X,Y,Z 


-On 


°10 


09 


°8 


0? 


°6 


0 5 


0 4 


0 3 


0 2 


°1 


Oo 




















Modes 01,10,11 
CASOUT 


-CO15 


C0 14 


C0 13 


C0 12 


CO,, 


co 10 


COg 


co 8 


C0 7 


C0 6 


co 5 


C0 4 


• C0 3 


C0 2 


CO, 


co 0 













Note: 1. A minus sign indicates a two's complement sign bit. 
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3x3 Matrix Multiplier (Mode 00) 

This mode utilizes all six input and output ports in 
the basic configuration to realize a "triple dot 
product/' in which each output is the sum of all 
three input words in that column multiplied by the 
appropriate stored coefficients. The three 
corresponding sums of products are available at the 



outputs five clock cycles after the input data are 
latched, and three new data words half-LSB rounded 
to 1 2 bits are then available every clock cycle. 

X(5)=A(1|KA1(1| + B(1|KB1(1) + C(1)KC1(1) 
Y(5)=A(1)KA2(1) + B(1)KB2(1) + C(1)KC2(1) 
Z(5) = A(1)KA3(1) + B(1)KB3(1) + C(1)KC3(1) 



Figure 1. 3x3 Matrix Multiplier Impulse Response (Mode 00) 
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Figure 2. 3 x 3 Matrix Multiplier Configuration (Mode 00) 
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9-Tap FIR Filter (Mode 01) 

The architecture for this configuration is shown in Figure 
4. The user loads the desired coefficient set, presents 
input data to ports A and B simultaneously (most appli- 
cations will wire the A and B inputs together), and 
receives the resulting 9-sample response, half-LSB 
rounded to 16 bits, 5 to 13 clock cycles later. A new 
output data word is available every clock cycle. The 
figure shows that the input data are automatically right- 
shifted one location through the row of multiplier input 



registers on every clock in anticipation of a new input 
data word. 

CAS0UT(13)=A(9)KA3(9) + A(8)KA2(8) + A(7)KA1(7) 
+ B(6)KB3(9) + B(5)KB2(8) + B(4)KB1(7) 
+ B(3)KC3(9) + B(2)KC2(8) + B(1)KC1(7) 
+ CASIN(10) 

Latency: Impulse in to center of 9-tap response = 9 
registers. Cascade In to Cascade Out =4 registers. 



Figure 3. 9-Tap FIR Filter Impulse Response (Mode 01) 
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Figure 4. 9-Tap FIR Filter Configuration (Mode 01) 
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3 x 3-Pixel Convolver (Mode 10) 

This filter configuration accepts a 3-pixel-square neigh- 
borhood, side-loaded three pixels at a time through input 
ports A, B, and C, and multiplies the 9 most recent pixel 
values by the coefficient set currently stored in the 
registers. These products are summed with the data 
presented to the cascade input, and a new 3-cycle 
impulse response, rounded to 16 bits, is available at the 
output port 5-7 clocks later, with a new output available 
on every clock cycle. The input pixel data are automati- 
cally shifted one location to the right through the three 
rows of multiplier input registers on every clock in 



anticipation of three new input data words, effectively 
sliding the convolutional window over one column in an 
image plane. 

CAS0UT(7) = A(3)KA3(3) + A(2)KA2(2) + A(1)KA1(1) 
+ B(3)KB3(3) + B(2)KB2(2) + B(1)KB1(1) 
+ C(3)KC3(3) + C(2)KC2(2) + C(1)KC1(1) 
+ CASIN(4| 

Latency: Impulse in to center of 3-tap response = 6 
registers. Cascade In to Cascade Out = 4 registers. 



Figure 5. 3 x 3-Pixel Convolver Impulse Response (Mode 10) 
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Figure 6. 3 x 3-Pixel Convolver Configuration (Mode 10) 
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4 x 2-Pixel Cascadeable Convolver (Mode 11) 

Similar to Mode 10, the 4 x 2-pixel convolver allows the 
user to perform full-speed cubic convolution with only 
two TMC2250 devices and the TMC2111 Pipeline Delay 
Register to synchronize the cascade ports (see the 
Applications Discussion section). Pixel data are side- 
loaded into ports A and B, multiplied by the onboard 
coefficients, summed with the cascade input, and half- 
LSB rounded to 16 bits. The four-cycle impulse response 
emerges at the cascade output port 5 to 8 clock cycles 
later. A new output word is available on every clock 
cycle. Note that Multiplier KC2 is not used in this mode 



and that its stored coefficient is ignored. As shown 
below, the column of input pixel data is automatically 
shifted one location to the right through the two rows of 
multiplier input registers on every clock in anticipation of 
two new input data words, effectively sliding the 
convolutional window over one column in an image 
plane. 

CAS0UT(8)=A(4)KA3(4) + A(3)KA2(3) + A(2)KA1(2) 
+ A(1)KB3(4) + B(4)KB3(4) + B(3)KB2(3) 
+ B(2)KB1(2) + B(1)KC1(2) + CASIN(5) 



Figure 7. 4 x 2-Pixel Convolver Impulse Response (Mode 11) 
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Signal Definitions (cont.) 

Controls 

MODEi 0 



The TMC2250 will switch to the configu- 
ration selected by the user (as shown in 
Table 3) on the next clock. This registered 
control is usually static; however, should the 
user wish to switch between modes, the 
internal pipeline latencies of the device 
must be taken into account. Valid data will 
not be available at the outputs in the new 
configuration until enough clocks in the 
new mode have passed to flush the internal 
registers. 



Table 3. Configuration Mode Word 



MODE] 0 


Configuration Mode 


00 


3x3 Matrix Multiply 


01 


9-Tap One-Dimensional FIR 


10 


3 x 3-Pixel Convolver 


11 


4 x 2-Pixel Convolver 



CWE 1/ o 



Data presented to the coefficient input 
ports (KA, KB, and KC) will update three of 
the internal coefficient storage registers, as 
indicated by the simultaneous Coefficient 
Write Enable select, on the next clock. 
See Table 4 and the Functional Block 
Diagram. 



Table 4. Coefficient Write Enable Word 



CWE 1# o 


Coefficient Set Selected 


00 




Hold all registers 


01 




Update KA1, KB1, KC1 


10 




Update KA2, KB2, KC2 


11 




Update KA3, KB3, KC3 


Table 5. Coefficient Input Ports 


Input Port 


Registers Available 


KA 




KA1, KA2, KA3 


KB 




KB1, KB2, KB3 


KC 




KC1, KC2, KC3 



Inputs And Outputs 

Aii_q, Data presented to the 10-bit registered 
Bii_(j, data input ports A, B, and C are latched 
Cii_g ' nt0 the multiplier input registers for the 

currently selected configuration (Table 3). 
In all modes except Mode 00, new data 
are internally right-shifted to the next filter 
tap on each rising edge of CLK. 



KAg_ 0 , 
KB.g-0. 
KCg.Q 



CASIN 15 _ 0 



Data presented to the 10-bit registered 
coefficient input ports KA, KB, and KC are 
latched three at a time into the internal 
coefficient storage register set indicated by 
the Coefficient Write Enable CWE^ q on 
the next clock, as shown in Table 4. 

In all modes except Mode 00, the x port 
and four bits of the Y output port are 
reconfigured as the 16-bit registered 
Cascade Input port CASIN^.g. Data 
presented to this input will be added to 
the weighted sums of the data words 
which were presented to the input ports 
(A, B, and C). 



Xii_g, In the matrix multiply mode, data are 
Yii_g, available at the 12-bit registered output 
Z-|i_o ports X, Y, and Z tpo after everv c,oc l<- 

These ports are reconfigured in the 
filtering modes as 16-bit Cascade Input 
and Output ports. 

NOTE: The output ports X, Y, Z and CAS0UT, and the 
input port CASIN are internally reconfigured by the 
device as required for each mode of the device. The 
multiple-function pins have names which are combi- 
nations of these titles, as appropriate. 

CASOUTi5_Q In all modes except Mode 00, the Z port 
and four bits of the Y output port are 
reconfigured as the 16-bit registered 
Cascade Output port CASOUT^.g. 
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Package Interconnections 



Signal 
Type 


Signal 
Name 


Function 


H5 Package Pins 


Power 


V DD 


Supply Voltage 


F3, H3, L7, C8, C4 


GND 


Ground 


E3, G3, J3, L4, L6, H11, C7, C5 


Clock 


PI K 


Systern Clock 


m 1 

U I I 


Controls 


MODElO 


Mode Control 


B5, A4 


CWEi f0 


Coefficient Write Enable 


J12, J13 


Input/Output 


A11 n 

1 l-U 


Data Input A 


El 1, D13, E12, E13, F11, F12, F13, G13, Gil, G12, H13, H12 


Bi 1 n 

1 l-U 


Data Input B 


B10, All, B1 1, CIO, A12, B12, C1 1, A13, C12, B13, C13, D12 


Ci 1 n 

I l-U 


Data Input C 


A5, C6, B6, A6, A7, B7, A8, B8, A9, B9, A10, C9 


KAqn 


Coefficient Input A1, A2, A3 


K13, J11, K12, L13, L12, K11, M13, M12, L11, N13 


KB 9-0 


Coefficient Input B1, B2, B3 


M11, L10, N12, Nil, M10, L9, N10, M9, N9, L8 


KC 9-0 


Coefficient Input C1, C2, C3 


M8, N8, N7, M7, N6, M6, N5, M5, N4, L5 


XC 1 1-0 


CASIN 15 _ 4 /Output X 


B4, A3, A2, B3, A1, C3, B2, B1, D3, C2, CI, D2 


YC n-8 


CASIN 3 _ 0 /Output Y^.q 


D1, E2, E1, F2 


Y7-4 


Output Y 7 _ 4 Only 


F1, G2, G1, H1 


YC 3-0 


CASOUT 3 _ 0 /Output Y 3 _ 0 


K1, J2, J1, H2 


ZC 1 1-0 


CAS0UT 15 _ 4 /0utput Z^.q 


M4, N3, M3, N2, M2, L3, N1, L2, K3, M1, L1, K2 



Figure 9. Input/Output Timing Diagram 
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Figure 10. Equivalent Input Circuit 
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Figure 11. Equivalent Output Circuit 
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Absolute maximum ratings (beyond which the device may be damaged) 1 



Supply Voltage -0.5 to +7.0V 

Input Voltage -0.5 to (V DD + 5.0)V 

Output 

Applied voltage -0.5 to (V DD + 5.0)V 2 

Forced current -6.0 to 6.0mA 3 - 4 

Short-circuit duration (single output in HIGH state to ground) 1 Second 

Temperature 

Operating, case -60 to +130°C 

junction 175°C 

Lead, soldering (10 seconds) 300°C 

Storage -65 to 150°C 



Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 

Operating conditions 





Temperature Range 






Standard 


Extended 




Parameter 


Min 


Norn 


Max 


Min 


Norn 


Max 


Units 


Vqq Supply Voltage 


4.75 


5.0 


5.25 


4.5 


5.0 


5.5 


V 


V|l Input Voltage, Logic LOW 






0.8 






0.8 


V 


CLK Only 






0.8 






0.6 


V 


V )H Input Voltage, Logic HIGH 


2.0 






2.0 






V 


IqL Output Current, Logic LOW 






4.0 






4.0 


mA 


IqH Output Current, Logic HIGH 






-2.0 






-2.0 


mA 


trjy Cycle Time 
TMC2250 


33 






33 






ns 


TMC2250-1 


21.1 






27.7 






ns 


TMC2250-2 


25 












ns 


t PWL Clock Pulse Width, LOW 
TMC2250 


15 






15 






ns 


TMC2250-1 


12 






12 






ns 


TMC2250-2 


10 












ns 


tp WH Clock Pulse Width, HIGH 


10 






10 






ns 


t§ Input Setup Time 
TMC2250 


8 






8 






ns 


TMC2250-1 


7 






7 






ns 


TMC2250-2 


6 












ns 


t|_| Input Hold Time 
TMC2250 


3 






3 






ns 


TMC2250-1 


3 






3 






ns 


TMC2250-2 


2 












ns 


Tfr Ambient Temperature, Still Air 


0 




70 








°C 


Tq Case Temperature 








-55 




125 


°C 
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Electrical characteristics within specified operating conditions 









Temperature Range 










Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


'ddq 


Supply Current, Quiescent 


V DD = Max, V| N = 0V 




12 




12 


mA 


'ddu 


Supply Current, Unloaded 


V DD = Max, f=20MHz 




160 




160 


mA 


l|L 


Input Current, Logic LOW 2 


V DD = Max, V, N = 0V 




-10 




-10 


11A 


l|H 


Input Current, Logic HIGH 2 


V DD = Max, V| N = V DD 




10 




10 


/*A 


'oil 


Input Current, Logic LOW 3 


V DD = Max, V, N = 0V 




-40 




-40 


/*A 


'OIH 


Input Current, Logic HIGH 3 


V DD = Max, V| N = V DD 




40 




40 




Vol 


Output Voltage, Logic LOW 


VrjQ = Min, lgL = 4mA 




0.4 




0.4 


V 


v oh 


Output Voltage, Logic HIGH 


VrjQ = Min, Iq|_|= -2mA 


2.4 




2.4 




V 


■os 


Short-Circuit Output Current 


Voo = Max, Output HIGH, one pin to 
to ground, one second duration max. 


-20 


-80 


-20 


-80 


mA 


C| 


Input Capacitance 


T A =25°C, f=1MHz 




10 




10 


PF 


c 0 


Output Capacitance 


T A = 25°C, f=1MHz 




10 




10 


PF 



Notes: 1. Actual test conditions may vary from those shown, but guarantee operation as specified. 

2. Except pins XCn_o, YC^.g. 

3. Pins XCn-Q, YC11.8 only. 



Switching characteristics within specified operating conditions 







Temperature Range 








Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


tp Output Delay 
TMC2250 


V DD = Min, C LOAD = 25pF 




18 




20 


ns 


TMC2250-1 






17 




18 


ns 


TMC2250-2 






16 






ns 


t^o Output Hold Time 
TMC2250 


V DD = Max, C L0AD = 25pF 


3 




3 




ns 


TMC2250-1 




3 




3 




ns 


TMC2250-2 




3 




3 




ns 
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Performing Large-Kernel Pixel Interpolation 

The Cascade Input and Output Ports of the TMC2250 
allow the user to stack multiple devices to perform larger 
interpolation kernels with no decrease in pixel through- 
put. Figure 12 illustrates a basic application utilizing 
Mode 11 to realize a 4 x 4-pixel kernel, also called Cubic 
Convolution. This example utilizes the TMC2011 Variable- 
Length Shift Register to compensate for the internal 
latency of each TMC2250. Alternatively, some appli- 
cations may utilize RAM, FIFOs, or other methods to 
store multiple-line pixel data. In these cases the user 
may compensate for latency by simply offsetting the 
access sequencing of the storage devices. 



Figure 12. Performing Cubic Convolution with Two 
TMC2250s 
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OUTPUT 



Pin Assignments - 121 Pin Plastic (H5) or Ceramic (G1) Pin Grid Array 



Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


A1 


xc 7 


B3 


XC 8 


C5 


GND 


El 


YCg 


G11 


A 3 


K1 


YC 3 


L10 


KB 8 


M12 


KA 2 


A2 


XCg 


B4 


xc n 


C6 


c 10 


E2 


YCio 


G12 


A 2 


K2 


zc 0 


L11 


KAt 


M13 


KA 3 


A3 


xc 10 


B5 


MODEt 


C7 


GND 


E3 


GND 


G13 


A 4 


K3 


zc 3 


L12 


KA 5 


Nl 




A4 


mode 0 


B6 


c 9 


C8 


V D D 


E11 


All 


H1 


Y 4 


K11 


KA 4 


L13 


KA 6 


N2 


zc 8 


A5 




B7 


c 6 


C9 


c 0 


E12 


A 9 


H2 


YC 0 


K12 


KA 7 


M1 


ZC 2 


N3 


ZC10 


A6 


c 8 


B8 


c 4 


CIO 


B 8 


E13 


A 8 


H3 


V D D 


K13 


KAg 


M2 


ZC 7 


N4 


KC } 


A7 


c 7 


B9 


c 2 


C11 


B 5 


F1 


Y 7 


H11 


GND 


LI 


ZCi 


M3 


ZCg 


N5 


KC 3 


A8 


c 5 


B10 


B11 


C12 


B 3 


F2 


YC 8 


H12 


A 0 


L2 


zc 4 


M4 


zcn 


N6 


KC 5 


A9 


c 3 


B11 


B 9 


C13 


Bl 


F3 


V D D 


H13 


Al 


L3 




M5 


KC 2 


N7 


KC 7 


A10 


Ci 


B12 


B 6 


D1 


YC11 


F11 


A 7 


J1 


YCl 


L4 


GND 


M6 


KC 4 


N8 


KCg 


A11 


B 10 


B13 


B 2 


D2 


xc 0 


F12 


A 6 


J2 


YC 2 


L5 


KC 0 


M7 


KC 6 


N9 


KB 1 


A12 


By 


C1 


XCj 


D3 


xc 3 


F13 


A 5 


J3 


GND 


L6 


GND 


M8 


KCg 


N10 


KB 3 


A13 


B 4 


C2 


xc 2 


D11 


CLK 


G1 


Y 5 


J11 


KA 8 


L7 


v D d 


M9 


KB 2 


N11 


KB 6 


B1 


xc 4 


C3 


xc 6 


D12 


B 0 


G2 


Y 6 


J12 


CWEt 


L8 


KB 0 


M10 


KB 5 


N12 


KB 7 


B2 


xc 5 


C4 


v DD 


D13 


A 10 


G3 


GND 


J13 


cwe 0 


L9 


KB 4 


M11 


KBg 


N13 


KA 0 



D4 Index Pin (Unconnected) 



13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
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Ordering Information 



Product 
Number 


Speed 
(MHz) 


Temperature Range 


Screening 


Package 


Package 
Marking 


TMC2250H5C 


30 


STD-T A = 0°C to 70°C 


Commercial 


121 Pin Plastic Pin Grid Array 


2250H5C 


TMC2250H5C 1 


36 


STD-T A = 0°C to 70°C 


Commercial 


121 Pin Plastic Pin Grid Array 


2250H5C 1 


TMC2250H5C 2 


40 


STD-T A =0°C to 70°C 


Commercial 


121 Pin Plastic Pin Grid Array 


2250H5C 2 


TMC2250G1V 


30 


MIL-T C =-55°C to 125°C 


MIL-STD-883 


121 Pin Ceramic Pin Grid Array 


2250G1V 


TMC2250G1V1 


36 


MIL-T C =-55°C to 125°C 


MIL-STD-883 


121 Pin Ceramic Pin Grid Array 


2250G1V1 



o 
o 

> 
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Section 3 — Standard Products 



Correlators 



INPUT SHIFT REGISTER 



INPUT _w 


1 


2 


3 


• • • 


n 


SIGNAL 













STORED 
REFERENCE 



^3 EXCLUSIVE 
"j NOR GATES 
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Raytheon is the industry leader in correlators for high similarity between two digital signal streams, which is key 

performance communications, signal, radar and image to pattern recognition and data synchronization 

processing applications. Correlators measure the applications. All Raytheon correlators are TTL compatible. 



Clock 

Rate 1 Power 1 



Product 


Description 


Size 


(MHz) 


(Watts) 


Package 


Grade 


Notes 


TMC2023-1 


Correlator 


64x1 


50 


0.4 


B2, B7, C3 


C.V.SMD 


Pin compatible with TDC1023. 








35 


0.4 


B2, B7, C3 


C, V.SMD 


Threshold flag. 








25 


0.4 


B2.B7 


C, V,SMD 




TMC2220-1 


Correlator 


4x32 


20 


0.3 


G8, H8 


c,v 


Programmable. 








17 


0.3 


G8, H8 


c,v 


Optional l&Q modes. 


TMC2221-1 


Correlator 


1x128 


20 


0.3 


B6 


c,v 


Programmable. 








17 


0.3 


B6 


c,v 





Notes: 

1 . Guaranteed. See product specifications for test conditions. 

2. C - Commercial, T A « 0°C to 70°C. 

V - MIL-STD-883 Compliant, T c - -55°C to 125°C. 

SMD = Available per Standardized Military Drawing, T c = -55°C to 125°C. 
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TMC2023 

CMOS Digital Output Correlator 

64-Bit, 25, 30, 35, and 50 MHz 



Description 

The TMC2023 is a monolithic 64-bit correlator with a 7- 
bit three-state buffered digital output. This device 
consists of three 64-bit independently clocked shift 
registers, one 64-bit reference holding latch, and a 64- 
bit independently clocked digital summing network. The 
device Is available in versions capable of 25, 30, 35, and 
50 MHz parallel correlation rates. 

The 7-bit threshold register allows the user to preload a 
binary number from 0 to 64. Whenever the correlation is 
equal to or greater than the number in the threshold 
register, the threshold flag goes HIGH. 

The 64-bit shift mask register (M register) allows the 
user to mask or selectively choose "no compare" bit 
positions enabling total word length flexibility. 

The reference word is serially shifted into the B register. 
Bringing LDR HIGH parallel loads the data into the R 
reference latch. This allows the user to serially preload a 
new reference word into the B register while correlation 
is taking place between the A register and the R latch. 
The two words are continually compared bit-by-bit by 
exclusive-OR circuits. Each exclusive-OR provides one 
bit to the digital summer. The output is a 7-bit word 
representing the number of positions which agree at any 
one time between the A register and R latch. A control 
provides either true or inverted binary output formats. 

Built with Raytheon Semiconductor La Jolla's one- 
micron double level metal OMICRONC™ low power 
CMOS process, the TMC2023 is available in a 24-pin 
CERDIP package and 28-contact chip carrier. The 
CMOS TMC2023 is pin compatible with the bipolar 
TDC1023. 



Features 

♦ 25, 30, 35, and 50 MHz correlation rates 

♦ All inputs and outputs TTL compatible 

♦ Serial data input, parallel correlation output 

♦ Programmable word length 

♦ Independently clocked registers 

♦ Programmable threshold detection and flag output 

♦ Available in 24-pin CERDIP and 28-contact chip 
carrier 

♦ Available to Standard Military Drawing (SMD) 

♦ Pin-Compatible with TDC1 023 

♦ Output format flexibility 

♦ Three-state outputs 

♦ Low-power CMOS 

Applications 

♦ Check sorting equipment 

♦ High density recording 

♦ Bar code identification 

♦ Radar signature recognition 

♦ Video frame synchronization 

♦ Electro-optical navigation 

♦ Pattern and character recognition 

♦ Cross-correlation control systems 

♦ Error correction coding 

♦ Asynchronous communication 

♦ Matched filtering 
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Functional Block Diagram 
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Pin Assignments 





24 Pin CERDIP - B2, B7 Package 



z ■ 2 a 5 2 

28 Contact Chip Carrier - C3 Package 
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Functional Description 
General Information 

The TMC2023 consists of an input section and an output 
section. The input section contains the A, B, and M 
registers, an R latch, XOR/AND logic and a pipelined 
summer network. The output section consists of threshold, 
inversion and three-state logic. 

Continuous Correlation 

The TMC2023 contains three 1 x 64 serial shift registers 
(A, B, and M). The operation of these registers is identical 
and each has its own input, output, and clock. As shown in 
the Timing Diagrams, valid data is loaded into register A 
(B, M) on the rising edge of CLK A (CLK B, CLK M). Data is 
valid if present at the input for a setup time of at least tsSR 
before and a hold time of tH after the rising clock edge. 

The summing process is initiated when the comparison 
result between the A register and R latch is clocked into 
the summing network by a rising edge of CLK S. Typically, 
CLK A and CLK S are tied together so that a new 
correlation score is computed for each new alignment of 
the A register and R latch. When LDR goes HIGH, the 
contents of register B are copied into the R latch. With LDR 
LOW, a new template may be entered serially into register 
B, while parallel correlation takes place between register A 
and the R latch. In the case of continuous correlation, LDR 
is held HIGH so that the R latch contents continuously track 
those of the B register. 

The summing network consists of three pipelined stages. 
Therefore, the total correlation score for a given set of 
A and B register contents appears at the summer output 
three CLK S cycles later. Data on the output pins iOo-6 < s 
available after an additional propagation delay, denoted 
tQCOR on ^e Timing Diagrams. 

The correlation result is compared with the contents of the 
threshold register. TFLG goes HIGH if the correlation equals 
or exceeds the threshold value. TFLG is valid after a delay 
of tQF fro™ the third CLK S rising edge. 

Cross-Correlation 

When LDR goes HIGH, the B register contents are copied 
into the reference latch (R latch). This useful feature allows 
correlation to take place between data in the R latch and 
the A register while a new reference is being serially 
clocked into the B register. If the new reference is n bits 
long, it requires n rising edges of CLK to load this data into 



the B register. For the timing diagram, n = 64. LDR is set 
HIGH during the final (nth) CLK B cycle, so that the new 
reference word is copied into the R latch. The minimum 
LOW and HIGH level pulse widths for LDR are shown as 
tpwL and tpWH* respectively. 

After the new reference is loaded, the data to be correlated 
is clocked through the A register. Typically, CLK A and CLK 
S can be tied together. This allows a new correlation score 
to be computed for each shift of the A register data relative 
to the fixed reference word in the R latch. The digital 
summer is internally partitioned into three pipelined stages. 
Therefore, a correlation score for a particular alignment of 
the A register data and the R latch reference appears at 
the summer output three CLK S cycles later. After an 
additional output delay of tQCOR' the correlation data is 
valid at the output pins (IO0-6)- If this correlation result is 
equal to or exceeds the value in the threshold register, 
then TFLG goes HIGH. TFLG is valid tQF after the third 
rising edge of CLK S. 

Threshold Register Load 

The timing sequence for loading the threshold (T) register 
is shown in the Timing Diagrams. The T register holds the 
7-bit threshold value to be compared with each correlation 
result. The rising edge of CLK T loads the data present on 
the IO0-6 P |ns into the T register. T flag logic is pipelined 3 
stages, with the summer. The new value loaded into the 
threshold register will affect the TFLG on the third CLK S 
(plus an output delay tpp) following the T register load. 

The output buffers must be in a high-impedance state 
(disabled) when the T register is programmed from an 
external source. After a delay of tQIS f fom the time TS 
goes HIGH, the output buffers are disabled. The data pins 
IOq-6 ma y then be driven externally with the new threshold 
data. The data must be present for a setup time of tscOR 
before and tH after the rising edge of CLK T for correct 
operation. The minimum LOW and HIGH level pulse widths 
for CLK T are shown below as tpwL and tpwH. 
respectively. 

After TS is set LOW, there is an enable delay of tENA before 
the internal correlation data is available at pins I0o_6- 

Invert Control Timing 

Most applications will tie the INVert control HIGH or LOW 
depending on system requirements. In the few situations in 
which the control is used dynamically, the user must 
observe special timing constraints. 
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Because INVERT governs logic located between the master 
and slave latches of the data output register, its setup and 
hold requirements differ from those of the data and other 
controls. The device will respond to changes on INV 
whenever CLOCK is HIGH and will ignore it when CLOCK 
is LOW. To minimize the data output delay and to avoid 
inducing errors, the user should observe the following 
timing constraints: 

1 . Set INVERT to the desired state for the next output on or 
before the rising edge of CLOCK. If INVERT is asserted a 
few nanoseconds after the rising edge, the data output 
may be similarly delayed. 

2. More importantly, keep INVERT in the desired state until 
after the falling edge of CLOCK, to avoid corrupting the 
output data. If INVERT is changed several nanoseconds 
before the falling edge of CLOCK, the data will likewise 
change. If it is changed just before the falling edge, an 
indeterminate output may result. 

Mask Register 

In addition to the A and B shift references, the TMC2023 
has another independently clocked register: the M, or mask 
register. The M register functions identically to the A and B 
register, except that its parallel outputs are ANDed with 
the exclusive-ORed outputs from the A register and R latch. 

Many uses of the TMC2023 digital correlator require 
disabling the correlation between certain bit positions 
(Aj and Rj) of input words A and R. While correlation data 
is being clocked into the A and/or B register, a mask word 
may be entered into the M register. Where no comparison 
is to be made, zeroes are entered in those M register 
positions. The exclusive-OR result between each bit 
position is ANDed with a bit from the M register. Thus, 
if a particular mask bit (Mj) is zero, the output correlation 
between A and B for that bit position will be disabled. 
Consequently, a zero correlation is presented to the digital 
summer for each masked bit position. 

The Mask register is useful for changing correlation word 
length and location within the registers. Where a word is 
undefined or no correlation is to take place, the M register 
should contain zeroes. 

The M register is useful for building logic functions. Note 
that for each bit Aj and Rj, the correlation logic is: 

Aj + Rj Aj Rj + Aj Rj (Aj exclusive-OR Rj) 



This result is complemented at the input of the AND gates 
and ANDed with the mask bit (Mj) resulting in: 



[AjRj +Aj Rj] *Mj 

The last step, performed in the digital summer, is to sum 
the above result over all bit positions simultaneously for a 
correlation at time n: 

n 

C(n+3)= I [(Aj XNOR Bj) AND Mj ] 
i = n - 63 

where i = 1 , 2, 3... and n = correlation word length 

Signal Definitions 
Power 

Vdd, GND The TMC2023 operates from a single +5V 
supply. All Vqd and GND pins must be 
connected. 

Control 

INV Control that inverts the 7-bit digital output. 

When a HIGH level is applied to this pin, the 
outputs JOo-6 are logically inverted. See the 
Timing Diagrams for setup and hold 
requirements. 

TS The three-state control enables and disables 

the output buffers. A HIGH level applied to 
this pin forces outputs into the high- 
impedance state. This control also allows 
loading of the internal threshold register. 

LDR Control that allows parallel data to be loaded 

from the B register into the reference latch 
for correlation. If LDR is held HIGH, the R 
latch is transparent. 

Clocks 

CLK A, Input clocks. Clock input pins for the A, M, 
CLK M, and B registers, respectively. Each register 
CLK B may be independently clocked. 

CLK T Threshold register clock. Clock input used to 
load the T register. 
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CLK S Digital summer clock. Clock input that allows 
independent clocking of the pipelined 
summer network. 

Data Inputs 

M||\| Mask register input. Allows the user to 

choose "no-compare" bit positions. A "0" in 
any bit location will result in a no-compare 
state for that location (bit position masked). 

A||\|, Bin Shift register inputs to the A and B 64-bit 
serial registers. 

Data Outputs 

IO0-6 Bi-directional data pins. When outputs are 
enabled (TS LOW), data is a 7-bit binary 
representation of the correlation between the 
unmasked portions of the R latch and the A 
register. 106 is the MSB. These pins also 



serve as parallel inputs to load the threshold 
register. Data present one setup time before 
CLK T goes HIGH will be latched into the 
threshold register. 

TFLG The TFLG output goes HIGH whenever the 
correlation score is equal to or greater than 
the number loaded into the T register (0 to 64). 

BOUT Shift register outputs of the three 64-bit shift 
register: 

AOUT B, A, and M, respectively. These outputs may 
be used to 

MOUT For cascading multiple devices. 
No Connect 

NC These pins should be left unconnected. 



Package Interconnections 



Signal 
Type 


Signal 
Name 


Function 


B2, B7 Package 


C3 Package 


Power 


GND 


Ground 


16 


19, 20 


VDD 


Supply Voltage 


1 


1,2 


Control 


INV 


Inverter Output 


7 


9 


TS 


Three-State Enable 


8 


10 


LDR 


Load Reference 


21 


25 


Clocks 


CLK A 


A Register Clock 


22 


26 


CLK M 


M Register Clock 


23 


27 


CLK B 


B Register Clock 


24 


28 


CLKT 


Threshold Register 


5 


7 


CLKS 


Digital Summer Clock 


6 


8 


Inputs 


M|N 


Mask Register 


2 


3 


A|N 


Shift Register 


3 


4 


BIN 


Shift Register 


4 


6 


Outputs 


"06-0 


Correlation Score 


9,10,11,12, 
13,14,15 


11,12,13,14, 
15,16,17 


TFLG 


Threshold Flag 


17 


21 


bout 


Shift Register B 


18 


22 


AOUT 


Shift Register A 


19 


23 


M0UT 


Shift Register M 


20 


24 


No Connect 


NC 


No Connect 


None 


5,18 



For More Information call 1-800-722-7074. 



Raytheon Semiconductor 



3-359 



TMC2023 



Figure 1. Continuous Correlation 
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Figure 3. Threshold Register Loading 
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Figure 4. Invert Control Timing 
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Figure 5. Equivalent Input Circuit 
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Figure 6. Equivalent Output Circuit 
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Figure 7. Threshold Levels for Three-State 
Measurements 
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Absolute maximum ratings (beyond which the device may be damaged) 1 



Power Supply Voltage - 0.5 to +7.0V 

Input Voltage -0.5 to (Vdd+0.5) V 

Outputs 

Applied Voltage2 -0.5 to (Vdd+0.5) V 

Forced Currents -3.0 to 6.0 mA 

Short Circuit Duration 

(Single output in HIGH state to GND) 1 second 

Temperature 

Operating, case -60to+130°C 

Operating, Junction +175°C 

Lead, soldering (10 seconds) +300°C 

Storage -65 to+150°C 



Notes: 1 . Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current, flowing into the device. 
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Operating conditions 







Temperature Range 








Standard 


Extended 




Parameter 




Min 


Nom 


Max 


Min 


Nom 


Max 


Units 


Vdd 


Power Supply Voltage 


4.75 


5.0 


5.25 


4.5 


5.0 


5.5 


Volts 


tpWL 


Clock Pulse Width, LOW 


















TMC2023 


15 






15 






ns 


TMC2023-1.-2 


12 






14 






ns 


TMC2023-3 


8 






10 






ns 


tpWH 


Clock Pulse Width, HIGH 


















TMC2023 


15 






15 






ns 


TMC2023-1.-2 


12 






14 






ns 


TMC2023-3 


8 






8 






ns 


tSCOR 


Data Setup Time, Correlator 


















TMC2023 


12 






14 






ns 


TMC2023-1.-2 


10 






10 






ns 


TMC2023-3 


9 






10 






ns 


tSSR 


Data Setup Time, 


















Shift Register Bin, Min) 


















TMC2023 


12 






13 






ns 


TMC2023-1.-2 


8 






10 






ns 


TMC2023-3 


7 






9 






ns 


tH 


Data Input Hold Time, 


















Correlator and Shift Register 


















All grades 


0 






0 






ns 


fCLK 


CLK Frequency, Correlator, 


















Shift Register and Flag Sections 


















TMC2023 






25 






25 


MHz 


TMC2023-1 






30 






30 


MHz 


TMC2023-2 






35 






35 


MHZ 


TMC2023-3 






50 






50 


MHz 


V|H 


Input Voltage, Logic HIGH 


2.0 






2.0 






V 


V|HC 


Input Voltage, Logic HIGH, A,B,M,S CLKS 


2.0 






2.4 






V 


V|L 


Input Voltage, Logic LOW 






0.8 






0.8 


V 


'OH 


Output Current, Logic HIGH 






-2.0 






-2.0 


mA 


lOL 


Output Current, Logic LOW 






4.0 






4.0 


mA 


T A 


Ambient Temperature, Still Air 


0 




70 








°C 


T C 


Case Temperature 








-55 




125 


°C 
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Electrical Characteristics 









Temperature Range 










Standard 


Extended 




Parameter 


Conditions 


Min 


Max 


Min 


Max 


Units 


•ddq 


Power Supply Current, Quiescent 


Vqd = Max, Vin = LOW, TS = HIGH 




5 




10 


mA 


'ddu 


Power Supply Current, Unloaded 


Vnn = Max TS = HIGH 
















TMC2023 fri v = 25 MHz 




55 




55 


mA 






TMC2023-1 , fcLK = 30 MHz 




75 




75 


mA 






TMfPO?'*-? fri v - MH7 




75 




75 


mA 






TMC2023-3 fri v = 50 MHz 




inn 
I UU 




1 f\f\ 

I UU 


mA 


llH 


Input Current, Logic HIGH 


Vnn = May Vim = Vnn 




+ 1 0 




+ 1 0 


uA 


l|L Input Current Logic LOW 


Vdd = Max. V| N = 0V 




-10 




- 1 0 


uA 


V 0 H 


Output Voltage, Logic HIGH 


Vdd = Min, Iqh = Max 


2.4 




2.4 




V 


Vol 


Output Voltage, Logic LOW 


Vdd = Min, Iol = Max 




0.4 




0.4 


V 


IOZH 


Output Leakage Current, HIGH 1 


Vdd = Max, Vin = Vdd 




+40 




+40 


ma 


IOZL 


Output Leakage Current, LOW 1 


Vdd = Max, V|n = GND 




■40 




40 


ma 


los 


Short Circuit Output Current 


Vdd = Max, Output HIGH, one pin 




-100 




-100 


mA 






to ground, one second duration 












C| 


Input Capacitance 


Ta = 25°C, f = 1 MHz 




.10 




10 


PF 


Co 


Output Capacitance 


T A = 25°C,f = 1 MHz 




10 




10 


PF 



Note: 1 . These values are the and Iih for the T Register. 
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Switching Characteristics 







Temperature Range 








Standard 


Extended 




Parameter 


Conditions 


Min 


Max 


Min 


Max 


Unite 

units 


tDCOR Output Delay, Correlator 
TMC2023 


Vdd = Min, CLOAD = 40 pF 




22 




22 


ns 


I MLzUzJ- i, -I 






19 




20 


ns 


I IVIOZUZO O 






17 




18 




tDSR Output Delay, shift Register 
TMC2023 


Vqd =Min, C|_OAD = 40pF 




22 




25 


ns 


TMC2023-1.-2 






on 
zu 




99 
zz 


ns 


TMC2023-3 






18 




20 


ns 


trjp Output Delay, Flags 

1 IVIL>ZUZ<3 


Vqo = Min, CloaD = 40 




20 




22 


ns 


I IVIUZUZo- i,-z 






17 




19 


ns 


TMC2023-3 






15 




17 


ns 


tHO Output Hold Time 
All grades 


Vqd = Min, ClOAD = 40 pF 




4 




4 


ns 


tENA Three-State Output Enable Delay 
TMC2023 


Vqd = Min, CLOAD = 40 pF 




20 




25 


ns 


TMC2023-1.-2 






16 




20 


ns 


TMC2023-3 






15 




18 


ns 


tDIS Three-State Output Disable Delay 
TMC2023 


Vdd = Min, CLOAD = 40 pF 




20 




24 


ns 


TMC2023-1.-2 






16 




18 


ns 


TMC2023-3 






14 




16 


ns 



Application Notes 

The TMC2023 can be cascaded to implement correlations 
of more than 64 bits. Typically, all clocks are tied together 
and the A, B, and M outputs of preceding stages are 
connected to the respective inputs of subsequent stages. 
An external summer is required to generate the composite 
correlation score. Use of the T register and TFLG require 
additional hardware for this configuration. The TMC2221 
correlator provides 128 taps. 



When comparing a multi-bit word to a single-bit reference, 
the outputs from the individual correlators must be 
appropriately weighted. This weighting reflects the relative 
importance of the different bit positions. Normally simple 
shifts (division by 2, 4, 8,...) provide the required weighting. 
The TMC2220 correlator provides 32-tap 4x1 correlation. 
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Figure 8. Cascading for Extended-Length Correlation 
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Figure 9. Multi-Bit x 1-Bit Correlation 
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Standard Military Drawing 

These devices are also available as products equivalent product is shown in the table; however, the 

manufactured, tested, and screened in compliance with applicable SMD is the sole controlling document defining 

Standard Military Drawings (SMD). The nearest vendor the SMD product. 



SMD 


TRW Product 


Speed 


Package 


5962-89711 01 JA 


TMC2023B7V 


25MHz 


24 Pin CERDIP 0.6" Wide 


5962-89711 02JA 


TMC2023B7V1 


30MHz 


24 Pin CERDIP 0.6" Wide 


5962-89711 01 LA 


TMC2023B2V 


25MHz 


24 Pin CERDIP 0.6" Wide 


5962-89711 02LA 


TMC2023B2V1 


30MHz 


24 Pin CERDIP 0.6" Wide 


5962-89711 013A 


TMC2023C3V 


25MHz 


28 Contact Chip Carrier 


5962-89711 023A 


TMC2023C3V1 


30MHz 


28 Contact Chip Carrier 



Ordering Information 



Product 


fCLK 


Temperature 


Screening 


Package 


Package 


Number 


(MHz) 










Markina 

■ villi Ull IM 


TMC2023B2C 


25 


STD:Ta = 


0to70°C 


Commercial 


Z4-pm LtKulP, 0.3 Wide 


2023B2C 


TMLZ023d2L1 


30 


STD:Ta = 


0 to 70°C 


Commercial 


z4-pin LhnUIr, O.o Wide 


ZOZODZLl 


1 MLzUzoDZLZ 


35 


bl u: Ia = 


0 to 70°C 


Commercial 


Z4-pin LbnUIr, U.o Wide 




TMC2023R2C3 


50 


STD:T A = 


Oto 70°C 


Pnmmprrial 

nsv/i i ii i iwi viai 


24-oin CERDIP 0 3" Wide 


2023B2C3 


TMC2023B2V 


25 


EXT:T C = 


-55to125°C 


MIL-STD-883 


24-pin CERDIP, 0.3" Wide 


2023B2V 


TMC2023B2V1 


30 


EXT: T C = 


-55to125°C 


MIL-STD-883 


24-pin CERDIP, 0.3" Wide 


2023B2V1 


TMC2023B2V2 


35 


EXT:T C = 


-55to125°C 


MIL-STD-883 


24-pin CERDIP, 0.3" Wide 


2023B2V2 


TMC2023B2V3 


50 


EXT:T C = 


-55to125°C 


MIL-STD-883 


24-pin CERDIP, 0.3" Wide 


2023B2V3 


TMC2023B7C 


25 


STD:T A = 


0to70°C 


Commercial 


24-pin CERDIP, 0.6" Wide 


2023B7C 


TMC2023B7C1 


30 


STD:T A = 


Oto 70°C 


Commercial 


24-pin CERDIP, 0.6" Wide 


2023B7C1 


TMC2023B7C2 


35 


STD:T A = 


Oto 70°C 


Commercial 


24-pin CERDIP, 0.6" Wide 


2023B7C2 


TMC2023B7C3 


50 


STD:T A = 


0to70°C 


Commercial 


24-pin CERDIP, 0.6" Wide 


2023B7C3 


TMC2023B7V 


25 


EXT:T C = 


-55to125°C 


MIL-STD-883 


24pin CERDIP, 0.6" Wide 


2023B7V 


TMC2023B7V1 


30 


EXT:T C = 


-55to125°C 


MIL-STD-883 


24-pin CERDIP, 0.6" Wide 


2023B7V1 


TMC2023B7V2 


35 


EXT:T C = 


-55to125°C 


MIL-STD-883 


24i>in CERDIP, 0.6" Wide 


2023B7V2 


TMC2023B7V3 


50 


EXT:T C = 


-55to125°C 


MIL-STD-883 


24-pin CERDIP, 0.6" Wide 


2023B7V3 


TMC2023C3C 


25 


STD:T A = 


Oto 70°C 


Commercial 


28-Contact Hermetic Ceramic Chip Carrier 


2023C3C 


TMC2023C3C1 


30 


STD:T A = 


0to70°C 


Commercial 


28-Contact Hermetic Ceramic Chip Carrier 


2023C3C1 


TMC2023C3C2 


35 


STD:T A = 


0to70°C 


Commercial 


28-Contact Hermetic Ceramic Chip Carrier 


2023C3C2 


TMC2023C3C3 


50 


STD: Ta = 


0 to 70°C 


Commercial 


28-Contact Hermetic Ceramic Chip Carrier 


2023C3C3 


TMC2023C3V 


25 


EXT:T C = 


-55to125°C 


MIL-STD-883 


28-Contact Hermetic Ceramic Chip Carrier 


2023C3V 


TMC2023C3V1 


30 


EXT:T C = 


-55to125°C 


MIL-STD-883 


28-Contact Hermetic Ceramic Chip Carrier 


2023C3V1 


TMC2023C3V2 


35 


EXT:T C = 


-55to125°C 


MIL-STD-883 


28-Contact Hermetic Ceramic Chip Carrier 


2023C3V2 


TMC2023C3V3 


50 


EXT:T C = 


-55to125°C 


MIL-STD-883 


28-Contact Hermetic Ceramic Chip Carrier 


2023C3V3 
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TMr2220ATMr2221 

TMC2220/TMC2221 

CMOS Programmable Digital Output Correlators 

4 x 32 Bit, 20 MHz; 1 x 128 Bit 20 MHz 



Description 

The TMC2220 20 MHz, TTL compatible CMOS 
correlator is composed of four separate 1 x 32 correlator 
modules. The correlation scores of the four modules are 
weighted, combined and output on two separate parallel, 
three-state ports. 

Each module contains a 32-bit serial data register, a 32- 
bit serial reference preload register, a 32-bit parallel 
reference latch and a 32-bit parallel mask latch. 
Correlation is performed by 32 exclusive-NOR (XNOR) 
gates. Each XNOR gate compares one (single bit) 
reference word. While correlation is being performed 
between the data and the present reference, the next 
reference pattern may be preloaded through one of two 
multiplexed input ports. Shorter sampling windows and 
bipolar correlation are also supported. Each module 
outputs a 6-bit binary correlation score. Either an 
unsigned (range 0 through 32) or bipolar (range -16 
through +16) representation may be selected. The 
outputs of each pair of correlator modules is added, with 
user-selected weighting factors, producing intermediate 
correlation scores which can be combined or output 
directly to the main or auxiliary output ports. 

Since the four modules can be cascaded serially or in 
parallel, the TMC2220 supports numerous single and 
dual channel applications involving 1 , 2 or 4-bit wide 
data and window lengths up to 32, 64, 96 or 128 bits. 
Multiple devices can be combined to support large 
correlation operations. 

The TMC2221 combines the four 32-bit modules in 
series for a fixed channel configuration of 1-bit by 128. 
The reduced complexity and package size of the 
TMC2221 is ideal for applications requiring less 
versatility than the TMC2220. By making use of the 
mask function, any size single channel length of up to 
128 bits is possible. 



With the TMC2221 , the reference word is serially loaded 
through the single two-input multiplexed reference port of 
the first correlator module. Although the configuration is 
fixed, the reference loading process and basic operation 
for each module is similar to that of the TMC2220. The 
outputs are summed with equal weighting, and the result is 
output through the single 8-bit output port. Unsigned 
magnitude or two's complement (bipolar) output score may 
be selected. 

Features 

♦ 20 MHz continuous correlation rate 

♦ Fully programmable masking 

♦ Two's complement or unsigned magnitude correlation 
score 

♦ User-programmable reference load multiplexing 

♦ Channel weighting and output formatting (TMC2220) 

♦ Multi-bit, dual-channel or non-coherent (quadrature) 
correlation (TMC2220) 

♦ Single +5V power supply 

♦ Low power CMOS construction 

♦ Three-state TTL compatible outputs 

♦ TMC2220 available in 68-pin grid array and 69-pin 
plastic PGA packages 

♦ TMC2221 available in a 28-pin CERDIP 

Applications 

♦ Signal detection 

♦ Radar signature recognition 

♦ Secure communications 

♦ Robotics/automated assembly 

♦ Automatic test equipment 

♦ Electro-optical navigation 

♦ Pattern and character recognition 

♦ Assembly line inspection 



For More Information call 1-800-722-7074. 
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TMC2220 Functional Block Diagram 
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Functional Block Diagram 
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TMC2220 Pin Assignments 

68 Pin Grid Array - G8 Package 

69 Pin Plastic Pin Grid Array - H8 Package 1 



Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


B2 


DA, 


K2 


GND 


K10 


RE 2 


B10 


LDR 4 


B1 


DA„ 


L2 


% 


K11 


Al 2 


A10 


AE 4 


C2 


DM 0 


K3 


GND 


J10 


BY 2 


B9 


LDR3 


CI 


DM, 


L3 


OEM 


J11 


BX 2 


A9 


AE 3 


D2 


DM 2 


K4 


W 2 


mo 


Ah 


B8 


OEA 


D1 


DM3 


L4 


W, 


H11 


BY, 


A8 


vdd 


E2 


DM 4 


K5 


W„ 


G10 


BX, 


B7 


ao 4 


El 


DM 5 


L5 


C1 


Gil 


GND 


A7 


bo 4 


F2 


Vdd 


K6 


c 0 


F10 


CLK 


B6 


ao 3 


F1 


DM 6 


L6 


TC 


F11 


GND 


A6 


bo 3 


G2 


DM 7 


K7 


LM 


E10 


BY 3 


B5 


DA 7 


G1 


DM 8 


L7 


LDR, 


E11 


BX 3 


A5 


DA 6 


H2 


OMg 


K8 


AEl 


D10 


A"3 


B4 


DA 5 


HI 


BO, 


L8 


LDR 2 


D11 


BY 4 


A4 


DA 4 


J2 


AO, 


K9 


AE 2 


CIO 


BX 4 


B3 


DA 3 


J1 


B0 2 


' L9 


RE 0 


C11 


Al 4 


A3 


DA 2 


K1 


A0 2 


L10 


RE, 


B11 


Vdd 


A2 


GND 
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Note: 1. 



Pin D4 is a mechanical orientation pin on the H8 package at 
manufacturer's option. 
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TMC2221 Pin Assignments 



LDR 


1 I 




I 28 


LM 


AE 


2 I 




I 27 


TC 




3 ! 




I 26 


OEM 


GND 


4 I 




I 25 


GND 


RE 2 


5 I 




I 24 


GND 


At 


6 I 




I 23 


DM7 


GND 


7 I 




i 22 


V D D 


CLK 


8 I 




I 21 


DM 6 


BY 


9 I 




1 20 


DM 5 


BX 


10 I 




] 19 


DM4 


VDD 


11 ( 




1 18 


DM3 


AO 


12 I 




1 17 


DM 2 


BO 


13 I 




1 16 


DM] 


NC 


14 I 




1 15 


DMn 



28 Pin CERDIP - B6 Package 
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Functional Description 
General Information 

The TMC2220 consists of four independent 1 x 32 correlator 
channels with weighted correlation scores which are combined 
and output on the two output ports (main and auxiliary). By 
taking advantage of the instruction set and I/O structure, the 
TMC2220 can be adapted to a wide variety of applications. 

The TMC2221 consists of the four 1 x 32 correlator modules 
cascaded internally for a single 1 x 128 correlator. The outputs 
of each module are given a unity weighting, summed and 
placed on the output port. 

Correlator Channel Modules 

Each of the four modules (i = 1 to 4) contains two 32 -bit 
serial synchronous shift registers, Aj (data) and Bj (reference 
preload); two 32-bit parallel latches, Rj (reference) and Mj 
(mask); 32 exclusive -NOR gates; 32 AND gates; a 32-bit 
parallel binary counter with a 6 -bit unsigned output and a 
defeatable half -scale (-16) subtractor with a 7 -bit two's 
complement output. 

Whenever a given Aj or Bj register is enabled, the next rising 
edge of the clock loads the value at the corresponding Aj or 
BXj/BYj input port into the first cell of the register, and shifts 
the contents of each cell to the next, overwriting the contents 
of the last cell. These serial -in, parallel -tapped registers form 
the first of six registers which account for the six internal 
delays. After an output buffer delay tp, the new contents of 
the last cell of Aj and Bj become available at the outputs AOj 
and BOj respectively. These outputs are used for cascading 
multiple devices. In addition, the Bj input multiplexer selects 
which of two input ports, BXj or BYj, is to be used on that 
cycle. 

The reference latch Rj tracks the contents of Bj when control 
LDRj was HIGH on the previous cycle and holds when LDRj 
was LOW. A HIGH on LDRj transfers the contents of Bj in 
parallel into Rj on the next clock cycle where correlation takes 
place. When LDRj is held HIGH, Rj is transparent, enabling 
direct correlation between Aj and Bj. 

Each of the 32 outputs of Rj is correlated against the 
corresponding tap of Aj by an XNOR gate whose output is 
connected to both the masking AND gate and the masking 
latch Mj. 

Each Mj tracks if LM was HIGH on the previous cycle and 
holds if LM was LOW. When LM is held HIGH, all Mj latches 
are transparent and the output of each XNOR gate is sent to 



both inputs of the corresponding AND gate to prevent masking 
or disabling from occurring. A LOW on LM loads the next 
unmasked correlation pattern (from the XNOR gates) into each 
Mj. Wherever the latch holds a logic one, normal correlation is 
enabled; wherever it is a logic zero, correlation is masked by 
the AND gate. 

A 32-bit parallel counter encodes the number of logic ones 
emerging from the AND gates as a 6-bit binary number 
between 0 and 32 (100000). The clock drives the two pipeline 
registers in the counter (the second and third registers in the 
six register pipeline). 

The 6-bit unsigned binary output of each parallel counter then 
enters a half-scale subtractor where it passes unchanged if 
the pipelined control TC is LOW and is reduced by 16 if TC is 
HIGH. If TC is HIGH, the range of correlation scores becomes 
-16 through +16 where +16 denotes a perfect match 
between the contents of Aj and those of Rj with no masking. 
A score of -16 denotes that no unmasked data bit matches 
the corresponding reference bit (anti - correlation). The TC 
control is pipelined by 3 registers, such that it is aligned with 
new data entering the Aj or Bj register. 

Weighting and Merging Circuitry 

On the TMC2220, the 7-bit two's complement output of each 
correlator module (Q-j, Q2, I3, I4) is multiplied by a factor of 0, 
1, 2, 3, 4 or 5 according to controls W2_rj. The outputs of 
each pair of multipliers is then added and the results Q and I 
are loaded into the fourth pipeline register. 

Following two additional pipeline delays from the fifth and 
sixth registers, correlation sum I is available on the TMC2220 
at the 8 -b\\_ auxiliary output port, DA/_g, if the buffer is 
enabled (OEA = LOW). 

Under controls C|_g, the TMC2220 combiner blends Q and I 
into a single final correlation score which is sent to the 10-bit 
main output port, DMg_rj, if OEM is LOW. The combiner 
pipeline register stage 5 and the main output register stage 6 
are balanced by the auxiliary port double output register. In the 
simplest mode, the combiner outputs correlation sum Q 
permitting the TMC2220 to be used in two separate correlator 
channels. In this application, the combined results from 
modules 1 and 2 emerge through DMg_o while the results 
from modules 3 and 4 emerge through DAy.g. In the three 
remaining modes, the output at the main port will reflect the 
correlations of all four modules. 
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In the second mode, the combiner outputs the unweighted 
sum, Q + I. In the third mode, it outputs the weighted sum, 
Q + 1/2, for single channel binary applications. In the fourth 
mode, the combiner extracts the absolute values of Q and I 
and adds the greater magnitude value to one half of the lesser 
value. This final mode is an approximation of the Pythagorean 
vector magnitude formula: 

M - 1X2 + Y2)1/2 

The TMC2220 contains a total of five pipeline registers plus 
the data and reference preload shift registers making the total 
delay six clock cycles. Instructions and data paths are pipelined 
so the instructions presented on a given clock cycle apply to 
the value entering registers A, and Bj. Instructions RE, LM, 
LDR and AE, all of which enable registers or latches, must be 
set one cycle early (see timing diagraml. 



For the TMC2221, the correlation score of each module is 
passed unchanged (TC = LOW) or reduced by sixteen 
(TC = HIGH). Each module score is given a unity weighting 
then sent to the combining matrix where the four scores are 
added and output on the 8 -bit data bus if OEM is LOW. 

In magnitude mode (TC = LOW) and masking disabled, a 
perfect match between the data and reference will produce a 
correlation score of 128 dOOOOOOOrj) and correlation score of 0 
shall indicate no matches (anti-correlation). In two's 
complement mode (TC = HIGH), perfect correlation will 
produce a score of 64 (OlOOOOOOg) and anti- correlation shall 
have an output of -64 (11000000b). A total of five register 
delays plus the input register cause the result to be available 
on the sixth clock cycle after the loading of the input data. 



Signal Definitions 
Power 



VOD. 
GND 



Inputs 

Ah -4 



BX1-4, 
BY 1 _ 4 



Outputs 

AO1-4 

BO1-4 

DMg_ 0 



The TMC2220/TMC2221 operate from a single 
+5V power supply. All power and ground pins 
must be connected. 



Each data input is a single -bit serial input to 
the Aj register of each correlator module. 

The main, BXj, and alternate, BYj, reference 
preload inputs to the Bj register of each 
correlator module are selected by controls 
RE 2 - 0 . 



Each cascade data output is a single -bit serial 
output from the Aj register of each correlator 
module. 

Each cascade reference preload output is a 
single -bit serial output from the Bj register of 
each correlator module. 

The 10-bit main correlation output (TMC2220 
only) is a combination of the four module 
output scores, Q-j, Q2, I3, I4, which are 
dependent on the W2_o weighted adder and 
Ci_o combining matrix controls. The main 
output port is enabled by OEM. 



The TMC2220 10-bit output format is: 

| 2 8| 2 7| 2 6| 2 5|24| 2 3| 2 2| 2 1 | 2 0 |. ^7] jf JC \S LOW 
|-2«1 27 | 2 « | 25 | 2^ | 23 | 2 2 | 21 | 2» |. |'f TC IS HIGH 

The TMC2221 has an 8-bit correlation output 
DM7_g which always outputs the sum: 

Q-| + Q2 + I3 + I4 

Where each term is either unsigned magnitude 
or magnitude minus 16 depending on the TC 
control. The TMC2221 8-bit output format is: 



DM 7 



| 2 7 | 2 6 | 2 5 | 2 4 | 2 3 | 2 2 | 2 1 | 2 0 | 
|-27| 2« | 2 5 | 2^ | 23 1 2 2 | 2^ | 2» | 



if TC is LOW 
if TC is HIGH 



DA7_o (TMC2220 only) The 8-bit auxiliary correlation 
output is the sum of two module output scores, 
I3 and I4, which are dependent on the W2-0 
weighted adder controls. The auxiliary output 
port is enabled by OEA. 

The 8-bit binary output format is: 





* 


* 


*\* 


1 2 2 1 2* M 




k 




M 




| 22 | 2' | 2° | 
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The clock for Aj data and Bj reference preload 
registers can be toggled at up to 20MHz. All 
registers are strobed on the rising edge of CLK 
and dependent on the registered enable controls, OEA 
AEj for the Aj registers, and RE2-0 for the Bj 
registers. The pipeline delay registers for the 
controls, W2-0, Ci_g (TMC2220 only) and TC 
are also strobed on the rising edge of CLK. 

OEM 



The clock enable for the four Aj data registers 

is a registered, active HIGH control. When AEj is 

LOW on the previous cycle, no shifting of data 

occurs on Aj. AEj is read on the rising edge of 2-0 

CLK, thus the shifting of data in Aj will occur 

on the next rising edge of CLK. 

(TMC2220 only) These pipelined instructions 
select the function to be executed by the 
combining matrix and output through the main 
output port, DMg_g. 



The Load Reference control copies the contents 
of register Bj into latch Rj for correlation. If 
LDRj was LOW on the previous clock cycle, the 
present contents of the latch remain in Rj. If 
LDRj was HIGH, Rj is transparent and the Bj 
are values used in the current correlation. 

The Load Mask control allows the user to mask 
or select "no compare" bit positions in each 
channel. Inputs shifted into Aj and Bj produce a 
correlation pattern as the desired mask. Control 
LM must be HIGH on the previous cycle to 
track and LOW to store the pattern in the mask 



TC 



W 2 -0 



latches Mj. If no masking is required, LM is 
kept HIGH, making Mj transparent. 

(TMC2220 only) The asynchronous output enable 
for the auxiliary output port, DAy-p,, is an 
active LOW control. When OEA is HIGH, the 
output is in a high -impedance state. 

The asynchronous output enable for the main 
output port, DMg_g (DMy.g on the TMC2221), 
is an active LOW control. When OEM is HIGH, 
the output is in a high -impedance state. 

The encoded clock enable and load selector 
controls determine the various combinations of 
BXj and BYj reference inputs that may be 
selected for the four reference preload registers 
Bj. The Bj register clocks may also be 
selectively enabled. Like LDR, LM and AEj, this 
control is delayed by one clock cycle. (RE2-1 
used on the TMC2221 to select BX or BY.) See 
Table 1. 

The Two's Complement control forces the 
outputs of the four correlator modules to be 
unipolar (0 to 32) or bipolar (-16 to +16). When 
TC is LOW, the outputs of the correlator 
modules are passed unchanged to the weighting 
circuitry. When TC is HIGH, 16 is subtracted 
from each correlator output which is then 
interpreted as a two's complement value. 

(TMC2220 only) The weighted adder controls 
determine the relative weightings of the four 
correlation module scores. 
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TMC2220 Package Interconnections 



Signal 
Type 


Signal 
Name 


Function 


G8, H8 Package Pins 


Power 


% 


Supply Voltage 


F2, L2, B11, AB 


GND 


Ground 


K2, K3, Gil, F11, A2 


Inputs 


AH -4 


Data Input 


H10, K11, D10, C11 


DA 1-4 


Main Roforonro Prolnarl 
iviaiii nciciciibc riciuau 


Rm 111 F11 nn 

U 1 U, J 1 1 , Ell, UIU 


BYi » 
D, 1-4 


Altprnatp Rofomnro Prplnari 


mi nn Fin mi 

nil, uiu, 1. 1 u, u 1 1 


Outputs 


AO,., 


Data Output 


J2, K1, B6, B7 


B0,. 4 


Reference Preload Output 


HI, J1, A6, A7 


DM9-0 


Main Port 


H2, G1, G2, F1, El, E2, D1, D2, C1, C2 


DA7-0 


Auxiliary Port 


B5, A5, B4, A4, B3, A3, B2, B1 


Clock 


CLK 


Master Clock 


F10 


Controls 


At 1-4 


Register Clock Enable 


IfQ UQ AQ A1fl 
Ml, l\3, Ao, AIU 


C 1-0 


Combining Matrix 


L5, K6 




Reference Load 


L7, L8, B9, B10 


LM 


Mask Load 


K7 


OEA 


Auxiliary Port Output Enable 


B8 


OEM 


Main Port Output Enable 


L3 


RE 2 _ 0 


Reference Load Select 


K10, L10, L9 


TC 


Two's Complement 


LB 


W 2 -0 


Module Weighting Factor 


K4, L4, K5 



TMC2221 Package Interconnections 



Signal 
Type 


Signal 
Name 


Function 


B6 Package 


Power 


V D D 


Supply Voltage 


11, 22, 


GND 


Ground 


4, 7, 24, 25 


Inputs 


Al 


Data Input 


6 


BX 


Main Reference Preload 


10 


BY 


Alternate Reference Preload 


9 


Outputs 


AO 


Data Output 


12 


BO 


Reference Preload Output 


13 


D M 7-0 


Main Port 


23, 21, 20, 19, 18, 17, 16, 15 


Clock 


CLK 


Master Clock 


8 


Controls 


AE 


Register Clock Enable 


2 


LDR 


Reference Load 


1 


LM 


Mask Load 


28 


OEM 


Port Output Enable 


26 


RE 2 -1 


Reference Load Select 


5, 3 


TC 


Two's Complement 


27 


No Connection 


NC 




14 
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Table 1. Reference Preload Register Input and Enable 
Operation 



REj 

Controls 


Selected Reference 
Port (TMC2220) 


Selected Reference 
Port (TMC2221) 


RE 2-0 


1 


2 


3 


4 




000 


Dis 


Dis 


Dis 


Dis 


Dis 


001 


Dis 


Dis 


Dis 


BX 4 




010 


Dis 


Dis 


BY 3 


BX 4 


BY 


011 


Dis 


Dis 


BY 3 


BY 4 




100 


BX 1 


BX 2 


BX 3 


BX 4 


BX 


101 


BYi 


BX 2 


BXg 


BX 4 




110 


BY, 


BX 2 


BY 3 


BX 4 


BY 


111 


BY, 


BY 2 


BY 3 


BY 4 





Notes: 

1. Dis = Bj register disabled (hold mode). 

2. LSB (REq) not used on the TMC2221. 

Table 2. Module Weighting Factor Operation 
(TMC2220 Only) 



W-, Controls 


Internal Channel Configuration 


w 2 -o 


Q 


1 


000 


Q, + Q 2 


l 3 + l 4 


001 


3Q, + Q 2 


3I 3 + l 4 


010 


40, + 0 2 


4I 3 + l 4 


011 


Q 2 


'4 


100 


Qi 


'3 


101 


3Q 1 + 2Q 2 


3I 3 + .2(4 


110 


4Q, + 2Q 2 


4I 3 + 2I 4 


111 


5Q, + 2Q 2 


5I 3 + 2I 4 


Table 3. Combining Matrix Operation (TMC2220 Only) 


Cj Controls 


Main Output Port Function 


c 1-0 


DMg_ 0 




00 


Q 




01 


Q + I/2 




10 


Q + I 




11 


Max (|Q|, |l|) + 1/2 Mir 


i (|Q|, MD 1 



Notes: 



Sliding Correlation Timing 

The TMC2220 and TMC2221 have a six register pipeline. There 
are registers for the input data and reference, parallel counter, 
weighting circuitry, combining matrix, and output. CLK is used 
to load all Aj, Bj and instruction pipeline registers. With the 
register controls enabled, a data or reference word is loaded 
into its respective Aj or Bj register on every rising edge of 
CLK. Data A|\| enters register Aj on the rising edge of clock 
C|\|. The reference latch is static if the previous LDR, was 
LOW or tracks Bj if LDRj was HIGH. If reference preload is 
not desired, holding control LDRj HIGH makes latch Rj 
transparent and direct correlation between Aj and Bj occurs. 
Data is valid if present at the input for a setup time t$ before 
and a hold time t^ after the rising clock edge. Setup and hold 
time requirements also apply to instructions and controls, 
however, AE, LDR, LM and RE must be valid one cycle before 
taking effect. 

Because of the six internal pipeline delays, the correlation 
score for a given set of Aj and Bj register contents appears at 
the output ports six clock cycles plus an output delay trj later. 
When th e ma in and auxiliary (TMC222Q only) output ports are 
enabled (OEM = LOW and 0EA = LOW), the correlation score 
0|\| of data window A(\j — 31 through A|\| is output after rising 
clock edge C|\|+5 (A|\j — 1 27 through A|\| on the TMC2221). 
Instructions TC, W and C are registered and pipelined so that 
the instructions will be aligned with the data. The instructions 
l|\l (see timing diagram) which are loaded on rising clock edge 
C|\l apply to a correlation between data and reference words 
N — 31 (N — 127) through N. Masking is assumed to be preset 
(previous LM = LOW) or unused (previous LM = HIGH). The 
same timing applies if the reference is shifting and data is 
fixed. 



1. The larger magnitude value of Q or I plus one-half of the smaller 
magnitude value. 

2. The TMC2221 always outputs the sum + Q2 + I3 + I4. 
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Figure 1. Sliding Correlation Timing 

, tpw " _ I ^ tpwL _ 



AE1-4 Jj 



REGISTER CLOCK . 



~^\_J~^7\_J^ 



c N+6 



'N + 4 



DM 9 _ 0 , DA 7 _ ( 



|— — «D— -| — *~ [— — «H0 



Reference Register Load Timing 

The HIGH on LDRj transfers the contents of Bj in parallel into 
Rj in the next clock period. Rj tracks Bj when control LDRj is 
HIGH and holds when LDRj is LOW. N rising edges of CLK are 
required to load N reference words into the reference preload 
register Bj. The rising edge of clock C|\| loads reference word 
B|\| so that Bj contains words Bn_3i through B|\|. 

Figure 2 illustrates the LDRj instruction timing to transfer 
reference window B|\|_3i through Bj\| into the reference latch. 
With this timing, correlation against the' old reference pattern is 
preserved during the "LDR" clock cycle and that correlation 
against the new reference pattern B|\|_3i to B|\| should 
commence immediately after the "LDR" clock cycle. The user 
must meet the normal input setup and hold time requirements 
and setup the instruction one clock cycle before the desired 
transfer. 



A completely new reference can be loaded into latch R on 
every 32nd clock cycle. With the output ports enabled, the 
correlation score 0(\| (correlation between data A|\| —31 through 

A|\j and reference B r\j 31 through B|\|l is available an output 

delay trj after the rising edge of clock C |\j 5 because of the 
six register pipeline. 

Operation of the TMC2221 is similar to the operation described 
for the TMC2220 except the length of the reference word is 
128 bits rather than 32. The reference register will therefore 
contain the pattern B [\| — 1 27 through B|\|, and correlation occurs 
between this reference and data A|\|_127 through A[\|. A new 
reference word therefore requires 128 clock cycles to 
completely load the new value. With the output ports enabled, 
the correlation score 0|\| (correlation between data A(\| — n 27 

through A|\| and reference B|\| 1 27 through B|\|) is available an 

output delay trj after the rising edge of clock C(\| + 5. 



Figure 2. Reference Latch Load Timing 
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Mask Register Loading 

Control LM latches a mask pattern into Mj which selectively 
disables word positions in each correlator module. Masking 
latch Mj tracks the XNOR output if, on the the previous clock 
cycle, LM was HIGH and holds if LM was LOW. Figure 3 
illustrates the TMC2220 LM timing to latch a mask generated 
by the exclusive NOR of A|\| — 31 through A|\| with Rjvj _ 3 1 
through R|\|. LM must be set HIGH t$ before the rising edge 
of clock C|\|_i to load the mask for A(\j — 31 thru A|\j. LM 
must be set LOW before the next rising edge of Cfsj to ensure 
words N-31 to N remain latched as the mask pattern. A 
completely new mask may be loaded on every 32nd clock 
cycle. However, to permit time for data and reference loading, 



mask loading is generally limited to every 64th clock cycle. The 
first correlation score which reflects mask N is output trj after 
the rising edge of clock cycle C(\|+6. 

Operation of the TMC2221 is similar that of the TMC2220 but 
requires 128 clock cycles to completely load a new mask 
pattern. To permit time to load new data and a new reference 
pattern once the mask is loaded, an additional 128 clock cycles 
is required. Therefore, mask loading is generally limited to 
every 256 clock cycles in the TMC2221. The mask pattern 
loaded will be the exclusive-NOR of A|\|_127 through A|\j with 
R(\l_127 through R|\|. 



Figure 3. Masking Latch Load Timing 
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Applications Discussion 

The TMC2220 architecture provides the flexibility for a number 
of configurations. The cascade outputs and the internal 
weighting and adder logic allow a single TMC2220 to be 
configured as four independent 32-bit correlators, independent 
96-bit and 32-bit correlators, two independent 64-bit 
correlators, or as a single 128 x 1 correlator. The TMC2220 
may also be cascaded serially or in parallel to increase the 
length or width of correlation. 

To increase the correlation length in a single TMC2220 system, 
the cascade outputs of a module (AOj, BO j) can be connected 
to the inputs of the next module (Alj + 1, BIj + i). When using 
this configuration, the input enables and load controls should 
be connected together. Figure 4 shows the configuration for a 
dual 64 x 1 correlation. In this application, the outputs of 
module 1 are connected to the inputs of module 2 and the 
outputs of module 3 are connected to the inputs of module 4. 
The weighting logic is set for 1:1 weighting and the combining 
logic is set to output Q] + Q2 on the main output DMg_Q, 
and I3 + I4 on the auxiliary output DA7_q. 



Figure 4. Dual 64 x 1 Configuration 



/ fc DMg_ 0 




Figure 5. Cascading the TMC2220 for Extended -Length Correlation 

Figure 5 shows an example of multi-bit correlation with 
extended length. This example shows 4-bit correlation with a 
length of 64- bits. The outputs of the two TMC2220s must be 
externally added to obtain the 64-bit correlation score. The 
weighting and combining of the module correlation scores 
should be set as required by the application. 



AO 



BX 1 /BY 1 
Al 2 

BX 2 /BY 2 
Al 3 

BX3/BY3 
Al 4 

BX 4 /BY 4 
DM 9 _ 0 
10 J(_ 



1 

B0 1 
B0 2 
A0 2 
A0 3 
B0 3 
A0 4 
B0 4 



All 
BX 1 
Al 2 
BX 2 
Al 3 
BX 3 
Al 4 
BX/i 



DM, 



'9-0 



I SUMMER | 
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Figure 6. 8- Bit Correlation with the TMC2220 

Figure 6 shows an example of 8-bit, two's complement 
correlation. Two TMC2220s are used in parallel and externally 
summed to obtain the properly weighted correlation score. To 
obtain a properly weighted correlation score, each bit of the 
output must be multiplied by an appropriate binary scaling 
factor. The 8- bit data input and reference are connected as 
shown. The weighting control of each TMC2220 is set for 4:1 
weighting (W2-0 = 010). This multiplies the upper two bits of 
each TMC2220 by a factor of 4 (Q], I3). The next step is to 
multiply the 2nd and 4th bits (Q2, I4) by a factor of 2. An 
equivalent operation is to divide the 1st and 3rd bits by 2. This 
operation is accomplished by setting the combining logic to 
output the sum Q + I/2 (C-|_g = 01). The final output of each 
TMC2220 will be equivalent to: 

DMg_ 0 - (4 x Q1) + (2 x l 3 ) + (1 x Q 2 ) + (1/2 x l 4 ) 



Setting the weighting and combining controls as described will 
produce a correlation score with each bit properly weighted 
based on its 4-bit binary position. The final step is to multiply 
the correlation output of the most -significant TMC2220 (bits 
7-4) by a factor of 16 then combine the outputs of the two 
TMC2220s. This is done using external adder circuitry. 
Multiplication is performed by simply shifting the output lines 
of the upper TMC2220 by four places at the input to the 
adder logic. The output of the summer, therefore, shall give 
the binary weighted correlation score of a quantized 8-bit 
input. The same circuit can be used with unsigned data if the 
inverter on the most-significant-bit of the reference input is 
omitted. 




RESULT 



REFERENCE 
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Figure 7. Full Complex Correlation with the TMC2220 

Figure 7 is an example of full complex correlation. In this 
example, separate real and imaginary terms are multiplied and 
summed internally to provide a real and imaginary result. This 
method preserves the phase information of the input. Inputs 
are connected as shown in the figure. The imaginary term in 
lm(D) x Im(R) is negated (inverted) for proper sign in the 
summation. The TMC2220 is set for 1:1 (Q] + (fy I3 + I4) 
weighting, two's complement mode, and the combining control 
is set to output Q on the main output and I on the auxiliary 
output. All 32 internal taps are used. 

A simple example would be to find a sine wave in a 
demodulated data stream. The references would be set to: 

Re(R) = Cos (cut) and lm(R) = Sin (cot) 

where, co is the modulation frequency. Each term is set to: 
1 for positive and 0 for negative 



RE(D)>- 



MODULE 1 



INKR) >- 



RBD)>- 
IAIHR) >- 



IIVHD) >- 
RE(R) >- 



MODULE 2 



3> 



MODULE 3 



MODULE 4 



DM 9 _ 0 
(Qj+Qj. REAL) 



DA7-0 

(I3+I4. IMAGINARY) 



L... ....... 



w = 

TC = 



The data inputs are set to: 

Re(D) = dataj n x Cos(ft) and lm(D) = dataj n x Sin 

where, f is the mixer or carrier frequency. 



Figure 8. Complex Correlation with Magnitude Result 



Figure 8 is similar to full complex correlation, however, in this 
example the output is magnitude only. This application is used 
when the phase relationship is not required. The inputs are 
connected as in the previous example, however, rather than a 
full complex output, the outputs are combined internally to: 

Max (|Q|, |l|) + 1/2 Min (|Q|, |l|) 

(C-|_q = 11) to obtain the approximate magnitude output. 
Multiplying the output by 15/16 will reduce the error in the 
magnitude approximation. 
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Figure 9. Cascading the TMC2221 for Extended -Length Correlation 

The TMC2221 can be cascaded to implement correlations of preceding stages are connected to the respective inputs of 
more than 128— bits.. Typically all clocks, reference inputs and subsequent stages. An external summer is required to generate 
enables are connected together and the A and B outputs of the composite correlation score. 



TC>- 
LDR >_ 
LM >- 



AE>- 
RE 2 _! >- 



CLK >- 



DM g _ 0 



TMC2221 

#2 



DM 9 _ 0 



10 S 10 / 10 



\S \/ \S 



SUMMER 






' (LOG 2 N) + 10 



2 



jlJl 



TMC2221 
#N 



Figure 10. Multi-Bit x 1 Bit Correlation 

The TMC2221 may also be used to compare multi-bit words 
with a single-bit reference. When this is done, the output of 
each TMC2221 must be appropriately weighted to the adder 



circuitry. The weighting reflects the relative importance of the 
different bit positions. Weighting can normally be accomplished 
by simple bit shifts at the input to the summer. 
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REGISTER 



REFERENCE 
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MSB 
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A IN TMC2221 
BIN #° 



A IN 
B IN 


TMC2221 
#N-1 




x2«-1 


A IN 
B IN 


TMC2221 
#N-2 
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B IN 


TMC2221 

#N-3 




x2 N-3 


%l 
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#N-4 




X2N-1 
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Absolute maximum ratings (beyond which the device may be damaged) 1 



Supply Voltage -0.5 to +7.0V 

Input Voltage -0.5 to (V DD +0.5V) 

Output 

Applied voltage 2 -0.5 to (V DD +0.5V) 

Forced current 3 - 4 -1.0 to + 6.0mA 

Short-circuit duration (single output in HIGH state to ground) 1 sec 

Operating, case -60 to +130°C 

junction 175°C 

Lead, soldering (10 seconds) 300°C 

Storage -65 to +150°C 

Notes: 

1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 
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Operating conditions 





Temperature Range 






Standard 


Extended 




Parameter 


Min 


Norn 


Max 


Min 


Norn 


Max 


Units 


Vqq Supply Voltage 


4.75 


5.0 


5.25 


4.5 


5.0 


5.5 


V 


V|l Input Voltage, Logic LOW 






0.8 






0.8 


V 


V !H Input Voltage, Logic HIGH 


2.0 






2.0 






V 


Iql Output Current, Logic LOW 






4.0 






4.0 


mA 


IqH Output Current, Logic HIGH 






-2.0 






-2.0 


mA 


Ambient Temperature, Still Air 


0 




70 








°C 


Tq Case Temperature 








-55 




125 


°C 



DC characteristics within specified operating conditions 1 



Parameter 


Test Conditions 


Temperature Range 


Units 


Standard 


Extended 


Min 


Max 


Min 


Max 


Iqqq Supply Current, Quiescent 


Vrj D = Max, % = 0V, OEM, OEA = 5V 




10 




10 


mA 


'DDU Supply Current, Unloaded 


Vrjrj - Max, f = 20MHz, OEM, OEA = 5V 




70 




80 


mA 


l|L Input Current, Logic LOW 


Vqq = Max, V, N = 0V 


-40 




-40 






l|H Input Current, Logic HIGH 


V DD = Max, V, N = V DD 




+40 




+40 




V 0L Output Voltage, Logic LOW 


Vqq = Min, Iql = Max 




0.4 




0.4 


V 


Vq H Output Voltage, Logic HIGH 


V DD = Min, l 0H = Max 


2.4 




2.4 




V 


Iq2|_ Hi-Z Output Leakage Current, Output LOW 


Vqq = Max, V )N = 0V 


-40 




-40 




//A 


IgZH Hi-Z Output Leakage Current, Output HIGH 


Vqq = Max, V| N = Vqq 




+40 




+40 


/"A 


Iq3 Short- Circuit Output Current 


Vqq = Max, Output HIGH, one pin to ground, 
one second duration max. 




-150 




-150 


mA 


C| Input Capacitance 


T A = 25°C, f = 1MHz 




10 




10 


pF 


Cq Output Capacitance 


T A = 25°C, f = 1MHz 




10 




10 


PF 



Note: 

1. Actual test conditions may vary from those shown, but guarantee operation as specified. 
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AC characteristics within specified operating conditions 



Parameter 


Test Conditions 


Temperature Range 


Units 


Standard 


Extended 


-1 


ha:.. 

Mm 


Max 


-1 


Mm 


Max 


Min 


Max 


Min 


Max 


Fq Clock (Correlation) Rate 


VrjQ = Min 




20 




17 




20 




17 


MHz 


t pwL Clock Pulse Width, LOW 


VrjD = Min 


25 




30 




25 




30 




ns 


t pWH Clock Pulse Width, HIGH 


VrjQ=Min 


15 




15 




15 




15 




ns 


t£ Input Setup Time 




15 




15 




17 




17 




ns 


t H Input Hold Time 




0 




0 




0 




0 




ns 


tQ Output Delay 


V DD = Min, C LOAD = 40pF 




25 




25 




25 




25 


ns 


t|_|Q Output Hold Time 


V DD = Max, C LOAD = 40pF 


3 




3 




3 




3 




ns 


l ENA Three-State Output Enable Delay 1 


V DD = Min, C LOAD = 40pF 




17 




17 




17 




17 


ns 


tpjs Three-State Output Disable Delay 1 


V DD = Min, C LOAD = 40pF 




22 




22 




22 




22 


ns 



Note: 1. All transitions are measured at a 1.5V level except for t D | S and t ENA . 



Ordering Information 



Product 
Number 


Temperature Range 


Screening 


Package 


Package 
Marking 


TMC2220G8C 


STD-T A =0°C to 70°C 


Commercial, 17MHz 


68 Pin Grid Array 


2220G8C 


TMC2220G8V 


EXT-T C =-55°C to 125°C 


MIL-STD-883, 17MHz 


68 Pin Grid Array 


2220G8V 


TMC2220G8C1 


STD-T A =0°C to 70°C 


Commercial, 20 MHz 


68 Pin Grid Array 


2220G8C1 


TMC2220G8V1 


EXT-T C =-55°C to 125°C 


MIL-STD-883, 20MHz 


68 Pin Grid Array 


2220G8V1 


TMC2220H8C 


STD-T A =0°C to 70°C 


Commercial, 17MHz 


69 Pin Plastic Pin Grid Array 


2220H8C 


TMC2220H8C1 


STD-T A =0°C to 70°C 


Commercial, 20MHz 


69 Pin Plastic Pin Grid Array 


2220H8C1 


TMC2221B6C 


STD-T A =0°C to 70°C 


Commercial, 17MHz 


28 Pin CERDIP 


2221 B6C 


TMC2221B6V 


EXT-T C =-55°C to 125°C 


MIL-STD-883, 17MHz 


28 Pin CERDIP 


2221 B6V 


TMC2221B6C1 


STD-T A =0°C to 70°C 


Commercial, 20MHz 


28 Pin CERDIP 


2221 B6C1 


TMC2221B6V1 


EXT-T C =-55°C to 125°C 


MIL-STD-883, 20MHz 


28 Pin CERDIP 


2221 B6V1 
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Section 3 — Standard Products 



Fixed-Point Arithmetic 

(X 



Since the first monolithic multiplier was introduced by TRW 
LSI Products (now Raytheon) in 1976, and multiplication 
was changed from something difficult to something easy, 
this building block has become ubiquitous in the world of 
signal processing. Raytheon continues to provide the 
broadest line of fixed-point multipliers, with word sizes from 
8 to 16 bits, with and without embedded accumulators. 



88 6230 

Bringing the same ease-of-application to another difficult 
arithmetic problem in signal processing, the TMC3211 
Integer Divider produces a 32 bit quotient at 20 million 
operations/second. Now it is no longer necessary to 
avoid division in image and signal processing algorithms. 









Cycle 
Time 


Power 1 








Product 


Description 


Size 


(ns) 


(Watts) 


Package 


Grade 2 


Notes 


TMC208K-1 


Multiplier 


8x8 


45 


0.55 


bs, m 


C 


Two's complement 








50 


0.55 


B5, C2 


V, SMD 


Compatible with MPY008H. 








65 


0.55 


B5, N5 


V,SMD 










70 


0.55 


B5,C2 


C.V.SMD 




TMC28KU-1 


Multiplier 


8x8 


45 


0.55 


B5, N5 


C 


Unsigned magnitude. 








50 


0.55 


B5 


V.SMD 


Compatible with MPY008H. 








65 


0.55 


B5.N5 


C 










70 


0.55 


B5 


V.SMD 




TMC2208 


Multiplier-Accumulator 


8x8 


40 


0.4 


J4, N4, R1 


C 


Compatible with TDC1008. 








50 


0.4 


J4 


V 




TMC2210-95 


Multiplier-Accumulator 16x16 


95 


0.33 


NO, JO, G8 


c,v 


Industry-standard 16-bit MAC. 


-80 






80 


0.33 


R1,N0,J0,H8,G8 C,V 




-65 






65 


0.33 


R1.N0, H8.G8 


c,v 




-55 






55 


0.33 


R1,N0, H8,G8 


c,v 




-45 






45 


0.33 


R1, NO, H8 


c,v 




TMC3211 


Integer Divider 


32-bit 


50 


0.82 


H$ 


c 


32-bit dividend, quotient 



Notes: 

1 . Guaranteed. See product specifications for test conditions. 

2. A « High Reliability, T c - -55°C to 1 25°C. C * Commercial, T A - 0°C to 70°C. 
V « MIL-STD-883 Compliant, T c « -55°C to 125°C. 

SMD * Available per Standardized Military Drawing, T c » -55°C to 125°C. 
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TMC208K, TMC28KU 
CMOS Multiplier 

8x8 Bit, 45 ns, 65 ns 



Description 

The TMC208K and TMC28KU are high-speed 8 x 8 bit 
parallel multipliers which operate at a 45 or 65 ns cycle 
time (22.2 or 15.3 MHz multiplication rate). The 
multiplicand and multiplier are both two's complement 
numbers in the TMC208K and unsigned magnitude 
numbers in the TMC28KU, yielding a full precision 16-bit 
product. 

Individually clocked input and output registers are 
provided to maximize system throughput and simplify 
bus interfacing. These registers are constructed using 
positive-edge-triggered D-type flip-flops. Built with 
Raytheon Semiconductor La Jolla's OMICRON-CTM 
CMOS process, the TMC208K and TMC28KU are pin 
and function compatible with the MPY008H and 
MPY08HU yet operate with greater speeds at much less 
power dissipation. 



TMC208K 

♦ Pin compatible with MPY008H 

♦ Two's complement multiplication 

TMC28KU 

♦ Pin compatible with MPY08HU 

♦ Unsigned magnitude multiplication 



Applications 



♦ Array processors 

♦ Video processors 

♦ Radar signal processors 

♦ FFT processors 

♦ General purpose digital signal processors 

♦ Microcomputer/minicomputer accelerators 



Features 

♦ 45 or 65 ns multiply time 

♦ 8 x 8 bit parallel multiplication with 1 6-bit 
product output 

♦ Three-state outputs 

♦ TTL compatible 

♦ Available in an 40-pin CERDIP or plastic DIP 



Pin Assignments 



2>->>-©>->>-->->r>- 




TMC208KU Pinout 



Pio 

P 9 
Pa 

CLKP 

TRIM 
TRIL 6 
P 7 7 
P 6 8 
P 5 9 
P 4 10 
P 3 11 
P 2 12 
13 

(LSB)P 0 14 
(LSB)Xq 15 
X/ 16 
X 2 17 
X 3 18 
)Q 19 
Xs 20 



40 Pin CERDIP - 
40 Pin Plastic DIP - 




For More Information call 1-800-722-7074. 



Raytheon Semiconductor 



3-389 



TMC208K/TMC28KU 



TMC208K Functional Block Diagram 



TRIM 
V 




CLK P TRIL 



TMC28KU Functional Block Diagram 




CLK P TRIL 



3-390 



Raytheon Semiconductor 



For More Information call 1-800-722-7074. 



TMC208K/TMC28KU 



Functional Description 
General Information 

The TM-C208K and TMC28KU have three functional sections: 
input registers, an asynchronous multiplier array and output 
registers. The input registers store the two 8-bit numbers 
which are to be multiplied and the instruction which controls 
output rounding. The rounding control is used when a 
single -word output is desired. Each input operand is stored 
independently, simplifying multiplication by a constant. The 



Signal Definitions 
Power 

V DD> GND The TMC208K and TMC28KU operate from a 
single +5 Volt supply. All power and ground 
lines must be connected. 

Data Inputs 

X7_rj,Y7_o The TMC208K has two 8 — bit two's complement 
data inputs labeled X and Y. The TMC28KU has 
two 8 -bit unsigned magnitude data inputs 
labeled X and Y. The Most Significant Bits 
(MSBs), X7 and Y7, carry the sign information 
for the two's complement notation in the 
TMC208K. The remaining bits are X^-O and 
Yg_g with Xg and Yg the LSBs. The input and 
output formats for fractional and integer two's 
complement, and fractional and integer unsigned 
magnitude notations are shown in Figures 1 
through 4. 

Data Outputs 

p 15-0 The TMC208K has a 16-bit two's complement 
output which is the product of the two input X 
and Y values. The TMC28KU has a 16-bit 
unsigned magnitude output which is the product 
of the two input X and Y values. This output is 
divided into two 8-bit output words, the MSP 
and LSP. The MSB of both the MSP and the 
LSP is the sign bit in the TMC208K. The input 
and output formats for fractional and integer 
two's complement, and fractional and integer 
unsigned magnitude notations are shown in 
Figures 1 through 4. Note that since +1 cannot 
be exactly represented in fractional two's 
complement notation, some provision for 



asynchronous multiplier array is a network of AND gates and 
adders designed to handle two's complement numbers in the 
TMC208K or unsigned magnitude numbers in the TMC28KU. 
The output registers hold the product as two 8 -bit words, the 
Most Significant Product (MSP) and the Least Significant 
Product (LSP). Three-state output drivers allow the multipliers 
to be used on a bus, or allow the MSP and LSP to be 
multiplexed over the same 8-bit output lines. 



handling the case (-1) x (-1) must be made. 
The TMC208K outputs a -1 in this case. As a 
result, external error handling provisions may be 
required. 

Clocks 

CLK X, CLK Y The TMC208K and TMC28KU have three clock 
CLK P lines, one for each input register (CLK X and 

CLK Y) and one for the product register (CLK P). 
Data present at the inputs of these registers are 
loaded into the registers on the rising edge of 
the appropriate clock. In the TMC208K, the RND 
input is registered and clocked in on the rising 
edge of the logical OR of both CLK X and CLK 
Y. Special attention to the clock signals is 
required if normally HIGH clock signals are used. 
Problems with loading this control signal can be 
avoided by the use of normally LOW clocks. In 
the TMC28KU, the RND input is registered and 
clocked in on the rising edge of CLK X. 

Controls 



TRIM, TRIL TRIM and TRIL are the three-state enable lines 
for the MSP and the LSP. The output driver is 
in the high -impedance state when TRIM or 
TRIL is HIGH, and enabled when LOW. TRIM 
and TRIL are not registered. 

RND When RND (Round) is HIGH, a one is added to 

the MSB of the LSP. A one will be added to 
the Pe bit in the 208K or to the P7 bit in the 
28KU. Note that rounding always occurs in the 
positive direction. In some applications this may 
introduce a systematic bias. The RND input is 
registered and used when a rounded 8-bit 
product is desired. 
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Package Interconnections 



Signal 


Signal 






Type 


Name 


Function 


B5.N5 Package 


Power 


Vnn 
V DD 


Siinnlv Vfiltanp 


30 




GND 


Ground 


32 


Data Inputs 


*7-0 


X Input Word 


22-15 




'7-0 


Y Input Word 


35-33 31 29-26 


Data Outputs 


P 15-8 


niton n..i._..i. 

MSP Output 


36- 40, 1-3 




P 7-0 


LSP Output 


7-14 


Clocks 


CLKX 


X Register Clock 


23 




CLK Y 


Y Register Clock 


24 




CLK P 


Product Register Clock 


4 


Controls 


TRIM 


MSP Three -State 


5 




TRIL 


LSP Three- State 


6 




RND 


Round 


25 



Figure 1. Fractional Two's Complement Notation (TMC208K) 
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Figure 2. Integer Two's Complement Notation (TMC208K) 
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Figure 3. Fractional Unsigned Magnitude 
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Figure 4. Integer Unsigned Magnitude Notation (TMC28KU) 
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Figure 5. Timing Diagram 
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Figure 6. Equivalent Input Circuit 
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Figure 7. Equivalent Output Circuit 



V DD 



Hi 



n SUBSTRATE 

-:di 

P+ 



-O OUTPUT 



Ha- 

■i-GND 



"D2 
p WELL 



Figure 8. Threshold Levels For Three -State Measurements 
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Application Discussion 
Multiplication By A Constant 

Multiplication by a constant requires that the constant be cycle then consists of loading new data and strobing the 

loaded into the desired input register and that the register not output register, 
be loaded again until a new constant is desired. The multiply 



Selection Of Numeric Format 

Essentially, the difference between integer, mixed and fractional 
notation in system design is only conceptual. For example, the 
TMC208K and TMC28KU do not differentiate between this 
operation: 

6x2 = 12 

and this operation: 

(6/8) x (2/8) = 12/64 

The difference lies in constant scale factors (in this case, a 
factor of 8 in the multiplier and multiplicand and a factor of 



64 in the product). However, these scale factors do have 
implications for hardware design. Because common design 
practice assigns a fixed value to any given line (and input and 
output signals often share the same line), the scale factors 
determine the connection of the output pins of any multiplier 
in a system. As a result, only two choices are normally made: 
integer or fractional notation. If integer notation is used, the 
LSBs of the multiplier, multiplicand and product all have the 
same value. If fractional notation is used, the MSBs of the 
multiplier, multiplicand and product all have the same value. 
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DC characteristics within specified operating conditions 1 









Temperature Range 










Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


Innn 
uuu 


Supply Current, Quiescent 


Vnn = May Vim = flV 

»nrj ividA, vim — uv 




5 




5 




'ddu 


Supply Current, Unloaded 


Vnn = May TRIM TRII = W f = KIMH7 
vnn - ividA, iniivi, iniL — jw, 1 — luivini 




50 




50 








Vqq = Max, TRIM, TRIL = 5V, f = 22MHz 




100 




100 


mA 


'|L 


Input Current, Logic LOW 


V DD = Max, V, N = OV 




-10 




-10 


//A 


l|H 


Input Current, Logic HIGH 


V DD = Max, V )N = Vqq 




10 




10 


//A 


vol 


Output Voltage, Logic LOW 


Vqq = Min, Iql = Max 




0.4 




0.4 


V 


% 


Output Voltage, Logic HIGH 


Vqq = Min, l 0H = Max 


2.4 




2.4 




V 


'OZL 


Hi-Z Output Leakage Current, Output LOW 


Vqq = Max, V| N = OV 




-40 




-40 


//A 


'OZH 


Hi-Z Output Leakage Current, Output HIGH 


Vqq = Max, V|M = Vqq 




40 




40 


//A 


'os 


Short— Circuit Output Current 


Vqq = Max, Output HIGH, one pin to 
ground, 

one second duration max. 




-100 




-100 


mA 




Input Capacitance 


T A = 25°C, f = 1MHz 




10 




10 


pF 


<=0 


Output Capacitance 


T A = 25°C, f = 1MHz 




10 




10 


pF 



Note: 

1 . Actual test conditions may vary from those shown, but guarantee operation as specified. 



2. 2f = 20 MHz for ETR. 

AC characteristics within specified operating conditions 









Temperature Range 










Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


l MPY 


Multiply Time 


Vqq - Min 

TMC208K, TMC28KU 




65 




70 


ns 






TMC208K-1, TMC28KU-1 




45 




50 


ns 


l PWL 


Clock Pulse Width, LOW 


Vqq - Min 


15 




15 




ns 


l PWH 


Clock Pulse Width, HIGH 


Vqq - Min 


15 




15 




ns 


l S 


Input Setup Time 


TMC208K, TMC28KU 


25 




30 




ns 






TMC208K-1, TMC28KU-1 


20 




25 




ns 


*H 


Input Hold Time 




0 




0 




ns 


*D 


Output Delay 


Vqq = Min, C L0AD = 40pF 
TMC208K, TMC28KU 




40 




45 


ns 






TMC208K-1, TMC28KU-1 




25 




30 


ns 


l ENA 


Three- State Output Enable Delay 1 


Vqq = Min, C LOA q = 40pF 
TMC208K, TMC28KU 




40 




45 


ns 






TMC208K-1, TMC28KU-1 




20 




25 


ns 




Three -State Output Disable Delay 1 


Vqq - Min, C L0AD = 40pF 
TMC208K, TMC28KU 




40 




45 


ns 






TMC208K-1, TMC28KU-1 




20 




25 


ns 



Note: 1. All transitions are measured at a 1.5V level except for tQ|g and tr.^ A . 
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Absolute' maximum ratings (beyond which the device may be damaged) 1 



Supply Voltage -0.5 to +7.0V 

Input Voltage -0.5 to (V DD + 0.5)V 

Output 

Applied voltage 2 -0.5 to (V DD + 0.5)V 

Forced current 3 - 4 -1.0 to 6.0mA 

Short-circuit duration (single output in HIGH state to ground) 1 sec 

Temperature 

Operating, case -60 to +130°C 

junction 175°C 

Lead, soldering (10 seconds) 300°C 

Storage -65 to +150°C 



Notes: 

1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range and measured with respect to GND. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 



Operating conditions 





Temperature Range 






Standard 


Extended 




Parameter 


Min 


Norn 


Max 


Min 


Norn 


Max 


Units 


Vqq Supply Voltage 


4.75 


5.0 


5.25 


4.5 


5.0 


5.5 


V 


V|l Input Voltage, Logic LOW 






0.8 






0.8 


V 


V jH Input Voltage, Logic HIGH 


2.0 






2.0 






V 


IqL Output Current, Logic LOW 






4.0 






4.0 


mA 


IqH Output Current, Logic HIGH 






-2.0 






-2.0 


mA 


Ambient Temperature, Still Air 


0 




70 








°C 


Tq Case Temperature 








-55 




125 


°C 
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Ordering Information 



Product 


Temperature 


Screening 


Package 


Package 


Number 








Marking 




9TH-Ta - 0 tn 70°f 

OIL* 1 A — U UJ l\J \* 


C nmrnprpial 
v/Ui i ii i ici Ktiai 


40-nin PFRDIP 


908KRRP 


TMr9nR^RRn 

1 IVIV/Z.UONDOC> 1 


OIL/ 1 A — U UJ l\) 


r\mmart*ia\ 

VsUI 1 III ICI l/lal 


40-nin PFRDIP 
hv^jjiii v^L-riL/ir 


908KRRP1 


TMC208KB5V 


EXT-T C =-55 to125°C 


MIL-STD-883 


40-pin CERDIP 


208KB5V 


TMC208KB5V 


EXT-T c =-55to125°C 


MIL-STD-883 


40-pin CERDIP 


208KB5V1 


TMC208KN5C 


STD-T A = 0to70°C 


Commercial 


40-pin Plastic DIP 


208KN5C 


TMC208KN5C1 


STD-T A = 0to70°C 


Commercial 


40-pin Plastic DIP 


208KN5C1 


TMC28KUB5C 


STD-TA = 0to70°C 


Commercial 


40-pin CERDIP 


28KUB5C 


TMC28KUB5C1 


STD-T A = 0to70°C 


Commercial 


40-pin CERDIP 


28KUB5C1 


TMC28KUB5V 


EXT-T C = -55to125°C 


MIL-STD-883 


40-pin CERDIP 


28KUB5V 


TMC28KUB5V1 


EXr-Tc=-55to125°C 


MIL-STD-883 


40-pin CERDIP 


28KUB5V1 


TMC28KUN5C 


STD-T A = 0to70°C 


Commercial 


40-pin Plastic DIP 


28KUN5C 


TMC28KUN5C1 


STD-T A = 0to70°C 


Commercial 


40-pin Plastic DIP 


28KUN5C1 


TMC208KR2C 


STD-T A = 0to70°C 


Commercial 


44J-Lead PLCC 


208KR2C 


TMC208KR2C1 


STD-T A = 0to70°C 


Commercial 


44J-Lead PLCC 


208KR2C1 


TMC28KUR2C 


STD-T A = 0to70°C 


Commercial 


44J-Lead PLCC 


28KUR2C 


TMC28KUR2C1 


STD-T A = 0to70°C 


Commercial 


44J-Lead PLCC 


28KUR2C1 
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TMC2208 

CMOS Multiplier-Accumulator 

8x8 Bit, 40 ns 



Description 

The TMC2208 is a high-speed 8 x 8 bit parallel 
multiplier-accumulator which operates at a 40 ns cycle 
time (25 MHz multiply-accumulate rate). The input data 
may be specified as two's complement or unsigned 
magnitude, yielding a full-precision 16-bit product. 
Products may be accumulated to a 19-bit result. 

Individually clocked input and output registers are used 
to provide maximum system throughput and simplify bus 
interfacing. These registers are positive-edge-triggered 
D-type flip-flops. The result is divided into a 3-bit 
eXTended Product (XTP), an 8-bit Most Significant 
Product (MSP). Individual three-state output ports are 
provided for the XTP, MSP, and LSP. The output 
register can be preloaded directly via the output ports. 

The TMC2208 is pin and function compatible with the 
TDC1008 in the 48-pin DIP. Built with Raytheon 
Semiconductor La Jolla's OMICRON-CCTM one micron 
CMOS process, power consumption is greatly reduced. 



Functional Block Diagram 



Features 

♦ Function compatible with the TDC1 008 (pin 
compatible in 48-pin DIP package) 

♦ 40 ns multiply-accumulate time (worst case 
commercial) 

♦ 8x8 parallel multiplication with accumulation to 
19-bit result 

♦ Selectable accumulation, subtraction, rounding, 
and accumulator preload 

♦ All inputs and outputs are registered and TTL 
compatible 

♦ Three-state outputs 

♦ Two's complement or unsigned magnitude 
operation 

♦ Single +5V power supply 

♦ Low power CMOS construction 

♦ Available in 48-pin ceramic or plastic DIP and PLCC 

Applications 



♦ 
♦ 

♦ 



Array processors 
Video processors 
Radar signal processors 
FFT processors 

General purpose digital signal processors 
Micro/mini-computer 



< p 18-16> 




LSPqut 

<p?-o> 
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Pin Assignments 




£ H £ (2 cFdr^cTc 



48 Pin Hermetic Ceramic DIP - J4 Package 
48 Pin Ceramic DIP - N4 Package 



NC 61 C 

GND 62 C 

SUB 63 C 

ACC 64 

RND 65 

*0 
X1 
*2 

x 3 

X 4 

x 5 

*6 

*7 
CLK X 
CLK Y 

NC 

NC 




U U U C3 



n n « o if <p^>U X Q U O 



>->->->->■ q! 



68 Leaded Plastic Chip Carrier - R1 Package 



Functional Description 
General Information 

The TMC2208 consists of four functional sections: input 
registers, an asynchronous multiplier array, an adder and 
output registers. The input registers store the two 8-bit 
numbers which are to be multiplied, and the control lines 
which control the input numerical format (two's comple- 
ment or unsigned magnitude), output rounding, accumu- 
lation, and subtraction. The round control is used when a 
single-word output is desired. Each input is independently 
stored, simplifying multiplication by a constant. The out- 
put registers can be preloaded with a constant to provide 
the sum of products plus a constant. The asynchronous 
multiplier array is a network of AND gates and adders, 
which has been designed to handle two's complement or 
unsigned magnitude numbers. The output registers hold 
the product as two 8-bit words and one 3-bit word: the 
Most Significant Product (MSP), the Least Significant 
Product (LSP) and the eXTended Product (XTP). Three- 
state output drivers permit the TMC2208 to be used on 
a bus, or allow the outputs to be multiplexed over the 
same 8-bit output lines. 



Signal Definitions 
Power 

VDD, GND The TMC2208 operates from a single +5V 
supply. All power and ground lines must be 
connected. 

Data Inputs 

X7_g The 8-bit two's complement or unsigned 
magnitude X data input. X7 is the MSB 
and contains the sign information for two's 
complement notation. The data on the X 
input is clocked into the input register on 
the rising edge of CLK X. 

Y7.0 The 8-bit two's complement or unsigned 
magnitude Y data input. Y7 is the MSB 
and contains the sign information for two's 
complement notation. The data on the Y 
input is clocked into the input register on 
the rising edge of CLK Y. 
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Data Outputs 

p 18-0 p 18-0 ' s the accumulated product result for 
the TMC2208. The 19-bit output is either 
the two's complement or unsigned magni- 
tude result of the accumulated products. 
The output is divided into two 8-bit output 
words (MSP, LSP) and one 3-bit output 
word (XTP). P-| q is the MSB and contains 
the sign information for two's complement 
notation. Formats for two's complement, 
fractional unsigned magnitude, integer two's 
complement and integer unsigned notation 
are shown in Figures 7 through 4. RND 

Clocks 

CLK X, The rising edge of CLK X (CLK Y) loads the 
CLK Y data lines into the appropriate input regis- 
ter. The RouND (RND), Two's Complement 
(TC), Accumulate (ACC), and SUBtract 
(SUB) control inputs are registered and Tr 
loaded on the logical OR of both CLK X 
and CLK Y. Special attention to the clock 
signals is required if normally HIGH clock 
signals are used. Problems can be avoided 
by the use of normally LOW clocks. 

CLK P CLK P is used to clock the accumulated ^ 
product sum into the output register. If 
ACC is HIGH, the content of the output 
register is added to the next product 
generated and loaded into the output 
register. CLK P is also used to preload the 
output register from the output pins (see 
Table /). 

Controls 

TSX, TSX is the three-state control for the 

TSM, TSL 3-bit XTP output drivers. TSM and TSL are 

the three-state controls for the MSP and SUB 
LSP outputs respectively. The outputs are in 
the high-impedance state when the control 
is HIGH, and enabled when the control is 
LOW. 

PREL PRELoad is the active-HIGH control used to 
directly load the output register (see Table 
/). When PREL is HIGH, all output buffers 



are forced into the high-impedance state. 
Second, when any or all the the TSX, TSM 
and TSL controls is also HIGH, external 
data present at the output pins will be 
preloaded into the corresponding section of 
the output register on the rising edge of 
CLK P. Normal data setup and hold times 
apply both to the logical AND of PREL and 
the relevant three-state control (TSX, TSM, 
TSL), and to the data being preloaded. 

The RouND input is used to control the 
rounding of results. When RND is HIGH, a 
1 is added to the Most Significant Bit 
(MSB) of the LSP for rounding the product 
in the MSP and XTP rather than truncating 
it. This control is used to improve accuracy 
when the LSP will not be used. 

The Two's Complement input is used to 
control how the TMC2208 interprets the 
data on the X and Y inputs. TC HIGH 
makes both inputs two's complement, while 
TC LOW makes both inputs unsigned 
magnitude numbers. 

When Accumulate is HIGH, the content of 
the output register is added or subtracted 
from the next product generated, and their 
sum stored back into the output register on 
the next rising edge of CLK P. When ACC 
is LOW, multiplication without accumulation 
is performed, and the next product gen- 
erated is stored into the output registers 
directly. This operation is used for the first 
term in a summation to avoid a separate 
"clear" operation. 

SUBtract is used in conjunction with the 
ACC control. When both the ACC and SUB 
controls are HIGH, the content of the out- 
put register is subtracted from the next 
product generated and the difference is 
stored back into the output register. Note 
that the previous output is subtracted from 
the product, not the product from the 
previous output. 
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Package Interconnections 



Signal 
Type 


Signal 
Name 


Funotinn 


.Id Nfl Parkanp Pin*; 


R1 Parlcanp Pine 


Power 


V DD 


Supply Voltage 


37 


18 


GND 


Ground 


12 


24, 41, 51, 62 


Data Input 


X 7-0 


X Input Data 


29, 28, 27, 26, 25, 24, 23, 22 


5, 4,3, 2, 1, 68, 67, 66 


Y 7-0 


Y Input Data 


40, 39, 38, 36, 35, 34, 33, 32 


21, 20, 19, 17, 16, 15, 14, 13 


Data Outputs 


P 18-0 


Product Output Data 


43, 44, 45, 46, 47, 48, 1, 2, 3, 
4, 5, 9, 10, 11, 13, 14, 15, 16, 17 


29, 30, 31, 32, 33, 34, 35, 36, 
37, 38, 39, 48, 49, 50, 52, 53, 
54, 55, 56 


Clock 


PI K Y 
ULI\ A 


Y Inrwit Plnol/ 
A inpUl LIOCK 


•an 


c 
D 


pi 1/ v 


i inpui UIOLK 


«3 1 


7 


CLK P 


Output Register Clock 


7 


46 


Control 


TSX 


XTP Three-State Control 


42 


23 


TSM 


MSP Three-State Control 


6 


40 


TSL 


LSP Three-State Control 


18 


57 


PREL 


Preload Output Register 


8 


47 


RND 


Round MSP of Product 


21 


65 


TC 


Two's Complement Control 


41 


22 


ACC 


Accumulate Control 


20 


64 


SUB 


Subtract Control 


19 


63 


No Connect 


NC 


Unused 




8, 9, 10, 11, 12, 25, 26, 27, 28, 
28, 42, 43, 44, 45, 58, 59, 60, 61 



Preload Truth Table 



PREL 1 


TSX 1 


TSM 1 


TSL 1 


XTP 


MSP 


LSP 




L 






Register — Output Pin 


Register — Output Pin 


Register — Output Pin 




L 






Register — Output Pin 


Register — Output Pin 


Hi-Z 




L 






Register— -Output Pin 


Hi-Z 


Register— Output Pin 




L 






Register — Output Pin 


Hi-Z 


Hi-Z 




H 






Hi-Z 


Register — Output Pin 


Register— Output Pin 




H 






Hi-Z 


Register — Output Pin 


Hi-Z 




H 






Hi-Z 


Hi-Z 


Register — Output Pin 




H 






Hi-Z 


Hi-Z 


Hi-Z 


H 2 


L 






Hi-Z 


Hi-Z 


Hi-Z 


H 2 


L 






Hi-Z 


Hi-Z 


Hi-Z Preload 


H 2 


L 






Hi-Z 


Hi-Z Preload 


Hi-Z 


H 2 


L 






Hi-Z 


Hi-Z Preload 


Hi-Z Preload 


H 2 


H 






Hi-Z Preload 


Hi-Z 


Hi-Z 


H 2 


H 






Hi-Z Preload 


Hi-Z 


Hi-Z Preload 


H 2 


H 


H 




Hi-Z Preload 


Hi-Z Preload 


Hi-Z 


H 2 


H 


H 




Hi-Z Preload 


Hi-Z Preload 


Hi-Z Preload 



Notes: 



1. PREL, TSX, TSM and TSL are not registered. 

2. PREL Hi inhibits any change of output register for those outputs in which the three-state control is LOW. 
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Figure 1. Fractional Two's Complement Notation 
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Figure 2. Fractional Unsigned Magnitude Notation 

BINARY POINT 



X 


x 7 


x 6 


*S 


x 4 


x 3 


x 2 




Xo 


SIGNAL 
DIGIT VALUE 


2-1 


2 -2 




2* 


2-5 


248 


T* 


2-8 






*7 






*4 


*3 


*2 


*1 


h 


SIGNAL 
DIGIT VALUE 


2-1 


2-2 






2* 


2* 


2-7 


2-8 






P18 


Pl7 


Pl6 


Pl5 


Pl4 


Pl3 


P« 


P11 


PlO 


P9 


P8 


P7 


P6 


P5 


P4 


P3 


P2 


Pi 


PQ 


22 


21 


2° 


2-1 


T 2 


2-3 




2-5 


2-6 


t l 


2-8 


2-9 


2-10 


2-11 


r 12 


2-13 


2-14 


2-15 


r 16 


XTP 


MSP 


LSP 



Figure 3. Integer Two's Complement Notation 
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Figure 4. Integer Unsigned Magnitude Notation 
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Absolute maximum ratings (beyond which the device may be damaged) 1 



Supply Voltage -0.5 to +7.0V 

Input Voltage -0.5 to (V DD + 0.5)V 

Output 

Applied voltage 2 -0.5 to (V DD + 0.5)V 

Forced current 3 - 4 ; -1.0 to + 6.0mA 

Short-circuit duration (single output in HIGH state to ground) 1 Second 

Temperature 

Operating, case -60 to +130°C 

junction +175°C 

Lead, soldering (10 seconds) 300°C 

Storage -65 to +150°C 



Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 

Operating conditions 







Temperature Range 








Standard 


Extended 




Parameter 


Min 


Norn 


Max 


Min 


Norn 


Max 


Units 


v D d 


Supply Voltage 


4.75 


5.0 


5.25 


4.5 


5.0 


5.5 


V 


tpw 


Clock Pulse Width HIGH 


15 






15 






ns 


•s 


Input Setup Time (Except PREL) 


10 






11 






ns 


's 


Input Setup Time (PREL) 


12 






13 






ns 


l H 


Input Hold Time 


0 






2 






ns 


V|L 


Input Voltage, Logic LOW 






0.8 






0.8 


V 


V|H 


Input Voltage, Logic HIGH 


2.0 






2.0 






V 


'OL 


Output Current, Logic LOW 






4.0 






4.0 


mA 


'oh 


Output Current, Logic HIGH 






-2.0 






-2.0 


mA 




Ambient Temperature, Still Air 


0 




70 








°C 




Case Temperature 








-55 




125 


°C 
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DC characteristics within specified operating conditions 1 







Temperature Range 








Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


Innn ^iinnlx/ Pnrront Dniocpont 
innn ou|j^iiy ouiicih, lluicouciii 


VQQ — IVIdA, V|^ — UV 

TSL, TSM, TSX = 5V 




5 




10 


mA 


Iqdu Supply Current, Unloaded 


V DD = Max, f=25MHz 
TSL, TSM, TSX=5V 








00 


mA 


In Innut Purrpnt 1 nnir 1 fi\A/ 

III lll|JUl UUllGlll, l_Uyio LVJVW 


Vr»r. — MflY Vim — flV 
VQQ — IVIdA, V|^ — UV 




-10 




-10 


fiA 


l|H Input Current, Logic HIGH 


V DD =Max, Vim=Vqq 

UU 1 1 M UU 




10 




10 


/iA 


Vql Output Voltage, Logic LOW 


VQQ = Min, lQ|_ = 4mA 




0.4 




0.4 


V 


Vqh Output Voltage, Logic HIGH 


VQQ = Min, 1q|_| = -2mA 


2.4 




2.4 




V 


IqZL Hi-Z Output Leakage Current, Output LOW 


V D D = Max, V |N = 0V 




-40 




-40 


mA 


IqZH Hi-Z Output Leakage Current, Output HIGH 


V DD = Max, V| N =V DD 




40 




40 


M A 


IqS Short-Circuit Output Current 


VQQ = Max, Output HIGH, one pin to 
ground, one second duration max. 




-100 




-100 


mA 


C| Input Capacitance 


T A =25°C, f=1MHz 




15 




15 


PF 


Cq Output Capacitance 


T A =25°C, f=1MHz 




15 




15 


pF 



Note: 1. Actual test conditions may vary from those shown, but guarantee operation as specified. 



Switching characteristics within specified operating conditions 1 







Temperature Range 








Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


tMA Multiply-Accumulate Time 


VQQ = Min 




40 




50 


ns 


tQ Output Delay 


VQQ=Min, Load = 40pF 




23 




25 


ns 


l ENA Three-State Output Enable Delay 


VQQ=Min, Load = 40pF 




19 




21 


ns 


tQis Three-State Output Disable Delay 


VQQ = Min, Load = 40pF 




16 




18 


ns 



Notes: 1. All transitions are measured at a 1.5V level except for tQ|§ and t^. 
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Figure 5. Timing Diagram 
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Application Notes 

Multiplication By A Constant 

Multiplication by a constant requires that the constant be 
loaded into the desired input register, and the register 
not be loaded again until a new constant is required. 
The multiply cycle then consists of loading new data into 
the remaining input register and strobing the output 
register. 

Selection of Numeric Format 

Essentially, the difference between integer, mixed and 
fractional notation in system design is only conceptual. 
For example, the TMC2208 does not differentiate 
between this operation: 

6x2 = 12 

and this operation: 

(6/8) x (2/8) = 12/64 



The difference lies only in constant scale factors (in this 
case, a factor of 8 in the multiplier and multiplicand and 
a factor of 64 in the product). However, these scale 
factors do have implications for hardware design. 
Because common good design practice assigns a fixed 
value to any given line (and input and output signals 
often share the same line), the scale factors determine 
the connection of the output pins of any multiplier in a 
system. As a result, only two choices are normally made: 
integer and fractional notation. If integer notation is 
used, the Least Significant Bits of the multiplier, 
multiplicand, and product all have the same value. If 
fractional notation is used, the Most Significant Bits of 
the multiplier, multiplicand, and product all have the 
same value. These formats are illustrated in detail in 
Figures 1 through 4. 



Ordering Information 



Product 


Temperature Range 


Screening 


Package 


Package 


Number 








Marking 


TMC2208J4C 


STD-T A = 0°C to 70°C 


Commercial 


48 Pin Hermetic Ceramic DIP 


2208J4C 


TMC2208J4V 


EXT-T C =-55°C to 125°C 


MIL-STD-883C 


48 Pin Hermetic Ceramic DIP 


2208J4V 


TMC2208N4C 


STD-T A = 0°C to 70°C 


Commercial 


48 Pin Plastic DIP 


2208N4C 


TMC2208R1C 


STD-T A = 0°C to 70°C 


Commercial 


68 Leaded Plastic Chip Carrier 


2208R1C 



40G05581 Rev D 8/93 
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TMC2210 

CMOS Multiplier-Accumulator 

16x16 Bit, 65, 80, 95 ns 



Description 

The TMC221 0 is a high-speed 1 6 x 1 6 bit digital 
multiplier-accumulator which is available in speed bins 
of 65, 80 or 95 ns. Input data may be specified as two's 
complement or unsigned magnitude, yielding a 32-bit 
product. Products may be accumulated to a 35-bit 
result. 

Individually clocked input and output registers are 
provided to maximize system throughput and simplify 
bus interfacing. These registers are constructed using 
positive-edge-triggered D-type flip-flops. The result is 
divided into a 3-bit Extended Product (XTP), a 16-bit 
Most Significant Product (MSP) and a 16-bit Least 
Significant Product (LSP). Individual three-state output 
ports are provided for the XTP and MSP. The LSP is 
multiplexed with the Y operand inputs. The output 
register can be preloaded directly via the output ports. 

The TMC221 0 is a drop in replacement for the 
TMC201 0 and the TMC21 1 0, and is pin and function 
compatible with the industry standard Raytheon 
Semiconductor La Jolla TDC1010, the LMA1 01 0/2010, 
IDT7210andCY7510. 



Features 

♦ 65, 80 or 95 ns multiply-accumulate time 

♦ 16x16 parallel multiplication with accumulation to 
35-bit result 

♦ Selectable accumulation, subtraction, rounding, 
and accumulator preload 

♦ Two's complement or unsigned magnitude 
operation 

♦ All inputs and outputs are registered and TTL 
compatible 

♦ Low power consumption CMOS process 

♦ Single +5V power supply 

♦ Available in a 64-pin ceramic or plastic DIP, 68-pin 
grid array and 68-lead plastic J-leaded chip carrier 

Applications 

♦ Array processors 

♦ Video processors 

♦ Radar signal processors 

♦ FFT processors 

♦ General purpose digital signal processors 

♦ Microcomputer/minicomputer accelerators 



Functional Block Diagram 

X IN ( X 15-0)2 
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Pin Assignments 




64 Pin Hermetic Ceramic DIP - JO, NO Package 
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LKJHGFEDCBA G8.69PIN/H8.69PIN 

68 Pin Ceramic (G8) or Plastic (H8) Pin Grid Array 



Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


A2 


NC 


B9 


X 12 


F10 


v D d 


K4 


p 20 


A3 




BIO 


X 14 


Fll 


CLK Y 


K5 


P 22 


A4 


X 1 


B11 


NC 


G1 


P 1V Y 11 


K6 


p 24 


A5 


x 3 


CI 


P 4 , Y 4 


G2 


P 10' Y 10 


K7 


P 26 


A6 


X 5 


C2 




G10 


TSX 


K8 


P 28 


A7 


x 7 


C10 


TSL 


Gil 


TC 


K 9 


P 30 


A8 


x g 


C11 


X 15 


HI 


P 13' Y 13 


K10 


P 32 


A9 


x n 


D1 


Y 6 


H2 


P 12' Y 12 


K11 


P 33 


A10 


X 13 


D2 


P 5* Y 5 


H10 


TSM 


L2 


p 17 


B1 


*l. Y 2 


D10 


SUB 


H11 


PREL 


L3 


P 19 


B2 




D11 


RND 


J1 


p 15' Y 15 


L4 


p 21 


B3 


x o 


E1 


GND 


J2 


P 14' Y 14 


L5 


P 23 


B4 


x 2 


E2 


*7. Y 7 


J10 


P 34 


L6 


p 25 


B5 


x 4 


E10 


CLK X 


J11 


CLK P 


L7 


p 27 


B6 


X 6 


E11 


ACC 


K1 


NC 


L8 


p 2g 


B7 




F1 


p 9> Yg 


K2 


p 16 


L9 


P 31 


B8 


X 10 


F2 


P* Y 8 


K3 


p 18 


L10 


NC 
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Functional Description 
General Information 

The TMC2210 consists of four functional sections: input 
registers, an asynchronous multiplier array, an adder and 
output registers. The input registers store the two 16-bit 
numbers which are to be multiplied and the control lines 
which control the input numerical format (two's 
complement or unsigned magnitude), output rounding, 
accumulation and subtraction. The round control is used 
when a single-word output is desired. Each number is 
independently stored, simplifying multiplication by a 
constant. The output registers can be preloaded with a 
constant to provide the sum of products plus a constant. 
The asynchronous multiplier array uses a modified 
Booth's algorithm and has been designed to handle two's 
complement or unsigned magnitude numbers. The output 
registers hold the product as two 16-bit words and one 
3-bit word: the MSP, the LSP and the XTP. Three-state 
output drivers permit the TMC2210 to be used on a bus 
or allow the outputs to be multiplexed over the same 
16-bit output lines. The LSP is multiplexed with the Y 
input. 

The TMC2210 has three clock lines, one for each of the 
input registers and one for the product register. Data 
present at the inputs of these registers are loaded into 
the registers on the rising edge of the appropriate clock. 
The Round (RND), Two's Complement (TC), Accumulate 
(ACC) and Subtract (SUB) inputs are registered and all 
four bits are clocked in on the rising edge of the logical 
OR of both CLK X and CLK Y. Problems with the loading 
of these four control signals can be avoided by the use 
of normally LOW clocks. 

Signal Definitions 

Power 

Vqd, GND The TMC2210 operates from a single +5V 
supply. All power and ground lines must be 
connected. 

Data Inputs 

Xi5_Q, There are two 16-bit two's complement or 
Y-j 5_q unsigned magnitude data inputs, labeled X 
and Y. The Most Significant Bits (MSBs), 
denoted X15 and Y15, carry the sign 
information when two's complement 
notation is used. The remaining bits are 
denoted X-|4_g and Y-|4_g (with Xg and Yg 



the Least Significant Bits). Data present at 
the X and Y inputs are clocked into the 
input registers on the rising edge of the 
appropriate clock. 

Data Outputs 

P34-O There is a 35-bit two's complement or 

unsigned magnitude result that is the sum 
of the products of the two input data 
values and the previous products which 
have been accumulated. The output is 
divided into two 16-bit output words, the 
MSP and LSP, and one 3-bit output word, 
the XTP. The MSB of the XTP is the sign 
bit if two's complement notation is used. 

Clocks 

CLK X CLK X is the clock input for the X^_g data 
CLK Y register. CLK Y is the clock input for the 
CLK P Y-|5_q data register. CLK P is the clock 
input for the product register. 

Controls 

TSX, TSX, TSM and TSL are three-state enable 

TSM, TSL lines for the XTP, the MSP and the LSP, 
respectively. The output driver is in the 
high-impedance state when TSX, TSM or 
TSL is HIGH and enabled when the 
appropriate control is LOW. 

PREL PREL (Preload) is an active HIGH control 

which has several effects when active. First, 
all output buffers are forced into the high- 
impedance state. Second, when any or all 
of TSX, TSM and TSL are also HIGH, 
external data present at the output pins 
will be preloaded into the corresponding 
section of the output register on the rising 
edge of CLK P. Normal data setup and hold 
times apply both to the logical AND of 
PREL and the relevant three-state control 
(TSX, TSM, TSL) and to the data being 
preloaded. These setup and hold times are 
with respect to the rising edge of CLK P. 

RND RND (Round) controls the addition of a one 

to the MSB of the LSP for rounding. When 
RND is HIGH, a one is added to the MSB 
of the LSP for rounding the product in the 
MSP and XTP (if appropriate) rather than 
truncating. 
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Controls (cont.) 

TC TC (Two's Complement) controls how the 

device interprets data on the X and Y 
inputs. When TC is HIGH, both inputs are 
two's complement inputs. When TC is LOW, 
both inputs are unsigned magnitude only 
inputs. The necessary sign extension for 
negative two's complement numbers is 
provided internally. 

ACC When ACC (Accumulate) is HIGH, the 

content of the output register is added to 
or subtracted from the next product 
generated; and the result is stored back 
into the output registers on the next rising 
edge of CLK P. When ACC is LOW, multipli- 
cation without accumulation is performed, 
and the next product generated will be 
stored into the output registers directly. This 
operation is used for the first term in a 
summation to eliminate the need for a 
separate "clear" operation. 



SUB The SUB (Subtract) control is used in 

conjunction with the ACC control. When 
both the ACC and SUB controls are HIGH, 
the content of the output register is 
subtracted from the next product generated, 
and the difference is stored back into the 
output register. When ACC is HIGH and 
SUB is LOW, the content of the output 
register is added to the next product 
generated and the sum is stored back into 
the output register. Note that the previous 
output is subtracted from the product, not 
the product from the previous output. 

No Connects 

NC The pin grid array version of the TMC2210 

has four pins which are not connected 
internally. 



Package Interconnections 



Signal 
Type 


Signal 
Name 


Function 


G8, H8 Package Pins 


JO, NO Package Pins 


R1 Package Pins 


Power 


v DD 


Supply Voltage 


F10 


49 


17, 18, 19, 20 


GND 


Ground 


E1 


16 


53, 54 


Data Inputs 


X 15-0 


X Input Word 


C11, B10, A10, B9, A9, B8, A8, B7, 
A7, B6, A6, B5, A5, B4, A4, B3 


56-64, 1-7 


1-10, 63-68 


Y 15-0 


Y Input Word 


J1, J2, H1, H2, G1, G2, F1, F2, 
E2, D1, D2, CI, C2, B1, B2, A3 


24-17, 15-8 


45-52, 55-62 


Data Outputs 


P 34-0 


Product Output 


J10, K11, K10, L9, K9, L8, K8, L7, K7, 
L6, K6, L5, K5, L4, K4, L3, K3, L2, 
K2, J1, J2, HI, H2, 61, G2, F1, F2, 
E2, D1, D2, CI, C2, B1, B2, A3 


43-17, 15-8 


26-52, 55-62 


Clocks 


CLK X 


X Register Clock 


E10 


51 


15 


CLK Y 


Y Register Clock 


F11 


50 


16 


CLK P 


P Regsiter Clock 


J11 


44 


25 


Controls 


TSX 


XTP Three-State 


G10 


47 


22 


TSM 


MSP Three-State 


H10 


45 


24 


TSL 


LSP Three-State 


C10 


55 


11 


PREL 


Preload 


H11 


46 


23 


RND 


Round 


D11 


54 


12 


TC 


Two's Complement 


G11 


48 


21 


ACC 


Accumulate 


Ell 


52 


14 


SUB 


Subtract 


D10 


53 


13 


No Connects 


NC 


No Connection 


K1, L10, B11, A2 
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Figure 1. Fractional Twos Complement Notation 
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Figure 2. Fractional Unsigned Magnitude Notation 
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Figure 3. Integer Two's Complement Notation 
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Figure 4. Integer Unsigned Magnitude Notation 
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Figure 5. Timing Diagram 
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Figure 6. Equivalent Input Circuit 
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Figure 7. Equivalent Output Circuit 
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Figure 8. Threshold Levels for Three-State Measurements 
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Preload Truth Table 



PREL 1 2 


TSX 1 


TSM 1 


TSL 1 


XTP 


MSP 


LSP 


0 


0 


0 


0 


Register-* Output Pin 


Register — Output Pin 


Register — Output Pin 


0 


0 


0 


1 


Register — Output Pin 


Register — Output Pin 


Hi-Z 


0 


0 




0 


Register — Output Pin 


Hi-Z 


Register — Output Pin 


0 


0 




1 


Register — Output Pin 


Hi-Z 


Hi-Z 


0 


1 




0 


Hi-Z 


Register — Output Pin 


Register — Output Pin 


0 


1 




1 


Hi-Z 


Register — Output Pin 


Hi-Z 


0 


1 




0 


Hi-Z 


Hi-Z 


Register — Output Pin 


0 


1 




1 


Hi-Z 


Hi-Z 


Hi-Z 




0 




0 


Hi-Z 


Hi-Z 


Hi-Z 




0 




1 


Hi-Z 


Hi-Z 


Hi-Z Preload 




0 




0 


Hi-Z 


Hi-Z Preload 


Hi-Z 




0 




1 


Hi-Z 


Hi-Z Preload 


Hi-Z Preload 




1 




0 


Hi-Z Preload 


Hi-Z 


Hi-Z 




1 




1 


Hi-Z Preload 


Hi-Z 


Hi-Z Preload 




1 




0 


Hi-Z Preload 


Hi-Z Preload 


Hi-Z 




1 




1 


Hi-Z Preload 


Hi-Z Preload 


Hi-Z Preload 



Notes: 1. PREL, TSX, TSM, and TSL are not registered. 

2. When PREL is HIGH, any change of output register (for those outputs in which the three-state control is LOW) is inhibited. 
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Absolute maximum ratings (beyond which the device may be damaged) 1 



Supply Voltage -0.5 to +7.0V 

Input Voltage -0.5 to (V DD + 0.5)V 

Outputs 

Applied voltage -0.5 to (V DD + 0.5)V 2 

Forced current -1.0 to 6.0mA 3 ' 4 

Short-circuit duration (single output in HIGH state to ground) 1 Second 

Temperature 

Operating, case -60 to + 130°C 

junction 175°C 

Lead, soldering (10 seconds) 300°C 

Storage -65 to +150°C 



Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 



Operating conditions 





Temperature Range 






Commercial 


Military 




Parameter 


Min 


Norn 


Max 


Min 


Norn 


Max 


Units 


Vqq Supply Voltage 


4.75 


5.0 


5.25 


4.5 


5.0 


5.5 


V 


Vjl Input Voltage, Logic LOW 






0.8 






0.8 


V 


V )H Input Voltage, Logic HIGH 


2.0 






2.0 






V 


IqL Output Current, Logic LOW 






4.0 






4.0 


mA 


IqH Output Current, Logic HIGH 






-2.0 






-2.0 


mA 


Ambient Temperature, Still Air 


0 




70 








°C 


Tq Case Temperature 








-55 




125 


°C 
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DC characteristics within specified operating conditions 









Temperature Range 










Commercial 


Military 




Parameter 


Conditions 


Min 


Max 


Min 


Max 


Units 


'ddq 


Supply Current, Quiescent 


V DD = Max, V )N = 0V 
All Except 




c 
D 




IU 


mA 






TMC2210-45, -55, Outputs Open 




0.5 




0.5 


mA 


■ddo 


Supply Current, Unloaded 1 


V DD = Max, TSL, TSM, TSX=5V 
f=15MHz 




75 




75 


mA 






f=10MHz 




50 




50 


mA 






f= 6.2MHz 




30 




30 


mA 


'IL 


Input Current, Logic LOW 


V DD = Max, V, N = 0V 
X^_Q, Controls, Clocks 




-10 




-10 


mA 






P«r- ft Yir ft 

H5-0' M5-0 




-40 




-40 




>IH 


Input Current, Logic HIGH 


Vnn=Max, ViM = Vnn 

UU ' IIM UU 

Xic n, Controls, Clocks 




10 




.10 


mA 






P 15-0' Y 15-0 




40 




40 


mA 


vol 


Output Voltage, Logic LOW 


Vrjrj = Min, Iql= + 4.0mA 




0.4 




0.4 


V 


V 0 H 


Output Voltage, Logic HIGH 


V D D = Min, Iq H = -400>A 


2.6 




2.6 




V 


'OZL 


Hi-Z Output Leakage Current, Output LOW 


V DD = Max, V, N = 0V 




-40 




-40 


*A 


'OZH 


Hi-Z Output Leakage Current, Output HIGH 


V DD = Max, V| N =V DD 




-40 




-40 


„A 




Input Capacitance 


f=1.0MHz, T A =25°C 




10 




10 


PF 


c 0 


Output Capacitance 


f=1.0MHz, T A =25°C 




10 




10 


PF 


c l/0 


I/O Capacitance 


f=1.0MHz, T A =25°C 




15 




15 


PF 



Note: 1. Supply current is proportional to f^, typically 5mA per MHz. 



AC characteristics within specified operating conditions 1 







Temperature Range 








Commercial 


Military 




Parameter 


Conditions 


Min 


Max 


Min 


Max 


Units 


tMA Multiply-Accumulate Time 


TMC221M5 




95 




95 


ns 




TMC2210^0 




80 




80 


ns 




TMC2210-65 




65 




65 


ns 


tpwL Clock Pulse Width, LOW 


TMC2210-95 


15 




15 




ns 




TMC221030 


15 




15 




ns 




TMC221(^65 


15 




25 




ns 


tpwH ClcokPUIse Width, HIGH 


TMC2210-95 


15 




15 




ns 




TMC2210-80 


15 




15 




ns 




TMC2210-65 


15 




25 




ns 



Notes: 1 . All transitions are measured at a 1 .5V level except tENA and tpis which are measured as shown in Figure 8. 
2. Vrjo = Min. 
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AC characteristics within specified operating conditions Kcont) 



Parameter 


Conditions 


Temperature Range 




Commercial 


Military 


Min 


Max 


Min 


Max 


Units 


tc Innut Sptun Timp 


Data ACC SUB RND TC 
TMC2210-95 


20 




20 




ns 


TK/POOin_QH 
I MV/ZZ I U-oU 


20 




20 




ns 


1 MLr/Z 1 U-DD 


15 




25 




ns 


PRPI TCI TCM TCY 
TMC2210-95 


30 




30 




ns 


TIWir291u-ftn 

I iviv^££ 1 \rO\j 


30 




30 




nc 

NO 


TMC22 10-65 


30 




25 




ns 


tu Innut Hold Time 

l|-J II l|^Ul 1 IVSIU 1 II 1 Iw 


Data, ACC, SUB, RND, TC 
TMC2210-95 


0 




0 




ns 


TMC22 10-80 


0 




0 




ns 


TMC22 10-65 


0 




3 




ns 


PREL, TSL, TSM, TSX 
TMC2210-95 


3 




3 




ns 


1 IVIV/££ 1 Ua)U 


3 




3 




lid 




3 




3 




no. 

1 Id 


tn Outnut Dplav 


Vnn = Min Pi nAn = 4.0 nf 
TMC2210-95 




40 




40 


ns 


TMC22 10-80 




OK 

OsJ 




OR 


ns 


TMP9910-fiR 




35 




35 


nc 

1 Id 


tENA Three-State Output 
Enable Delay 


Vqd = Min, CloAD = 40 pf 
TMC2210-95 




40 




40 


ns 


TMC221030 




30 




35 


ns 


TMC2210-65 




30 




302 


ns 


tois Three-State Output 
Disable Delay 


Vdd = Min, CloAD = 40 pf 
TMC2210-95 




35 




35 


ns 


TMC2210-80 




30 




30 


ns 


TMC2210-65 




30 




302 


ns 



Notes: 1 . All transitions are measured at a 1 .5V level except tgNA ancJ tois which are measured as shown in Figure 8. 
2. Vdd = Min. 
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Application Discussion 

Multiplication by a Constant 

Multiplication by a constant requires that the constant be 
loaded into the desired input register and that the 
register not be loaded again until a new constant is 
desired. The multiply cycle then consists of loading new 
data and strobing the output register. 

Selection of Numeric Format 

Essentially, the difference between integer, mixed and 
fractional notation in system design is only conceptual. 
For example, there is no difference between this 
operation: 

6x2 = 12 



and this operation: 

(6/8) x (2/8) = 12/64. 

The difference lies only in constant scale factors (in this 
case, a factor of 8 in the multiplier and multiplicand and 
a factor of 64 in the product). However, these scale 
factors do have implications for hardware design. 
Because common good design practice assigns a fixed 
value to any given line (and input and output signals 
often share the same line), the scale factors determine 
the connection of the output pins of any multiplier in a 
system. As a result, only two choices are normally made: 
integer and fractional notation. If integer notation is 
used, the LSBs of the multiplier, multiplicand and product 
all have the same value. If fractional notation is used, 
the MSBs of the multiplier, multiplicand and product all 
have the same value. 



Ordering Information 





Multiply/ 










Product 


Accumulate 


Temperature 


Screening 


Package 


Package 


Number 


Time (ns) 








Marking 


TMC2210G8C65 


65 


STD:TA = 0to70°C 


Commercial 


68-pin Ceramic Pin Grid Array 


2210G8C65 


TMC2210G8C80 


80 


STD:T A = 0to 70°C 


Commercial 


68-pin Ceramic Pin Grid Array 


2210G8C80 


TMC2210G8V65 


65 


EXT:Tc = -55to125°C 


MIL-STD-883C 


68-pin Ceramic Pin Grid Array 


2210G8V65 


TMC2210G8V80 


80 


EXT:T c =-55to125°C 


MIL-STD-883C 


68-pin Ceramic Pin Grid Array 


2210G8V80 


TMC2210G8V95 


95 


EXT:T c =-55to125°C 


MIL-STD-883C 


68-pin Ceramic Pin Grid Array 


2210G8V95 


TMC2210H8C65 


65 


STD:T A = 0to 70°C 


Commercial 


68-pin Plastic Pin Grid Array 


2210H8C65 


TMC2210H8C80 


80 


STD:T A = 0to70°C 


Commercial 


68-pin Plastic Pin Grid Array 


2210H8C80 


TMC2210J0V80 


80 


EXT:Tc = -55to125°C 


MIL-STD-883C 


64-pin Hermetic Ceramic DIP 


2210J0V80 


TMC2210J0V95 


95 


EXr:T C = -55to125°C 


MIL-STD-883C 


64-pin Hermetic Ceramic DIP 


2210J0V95 


TMC2210N0C65 


65 


STD:T A = 0to70°C 


Commercial 


64-pin Plastic DIP 


2210N0C65 


TMC2210N0C80 


80 


STD:T A = 0to70°C 


Commercial 


64-pin Plastic DIP 


2210N0C80 


TMC2210N0C95 


95 


STD:T A = 0to70°C 


Commercial 


64-pin Plastic DIP 


2210N0C95 


TMC2210R1C65 


65 


STD:T A = 0to70°C 


Commercial 


68-Lead Plastic J-Leaded Chip Carrier 


221 0R1C65 


TMC2210R1C80 


80 


STD:T A = 0to70°C 


Commercial 


68-Lead Plastic J-Leaded Chip Carrier 


2210R1C65 
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TMC3211 
Integer Divider 

32-Bit 20 MOPS 



Description 

The TMC321 1 is a fast monolithic two's complement 
integer divider which can divide a 32-bit dividend by a 
16-bit divisor to produce a 32-bit quotient, with a 
maximum pipelined throughput of 20 MOPS (Million 
Operations Per Second). Data is input on separate 
busses, and quotients are available on a 32-bit output 
bus with synchronous three-state enable. All data inputs 
and outputs are registered and TTL compatible. All input 
and output signal timing is referenced to the rising edge 
of Clock. 

The TMC321 1 has a single system clock and separate 
load enable controls for the dividend and divisor 
registers. This allows the device to be used in 
applications requiring division by a constant. Underflow 
automatically produces the expected zero quotient, and 
dividing by zero sets a divide-by-zero output flag. 

The internal architecture of the TMC321 1 allows all 32- 
bit two's complement integer dividends and nonzero 16- 
bit two's complement integer divisors, without 
prenormalization. The output quotient format is 32-bit 
integer. 

The TMC321 1 makes a full-precision, full-speed divide 
function available to designers of workstations, image 
processors, and radar systems who need to perform 
perspective extractions, matrix operations, range 
scaling, and other complex functions. 

Features 

♦ 32-bit by 1 6-bit fixed-point integer division with 
32-bit quotient 

♦ 20 MHz clock rate and pipelined throughput rate 

♦ Three-bus I/O architecture allows unrestricted 
throughput 

♦ Easy system interfacing 

♦ Status flags for divide-by-zero and inexact result 

♦ All inputs and outputs TTL compatible 



Applications 

♦ Graphics and image processors 

♦ Matrix operations and geometric transforms 

♦ Perspective extraction 

♦ Radar signal processing 

♦ Range scaling 



Functional Block Diagram 



X 15-0 Y 31-0 
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Pin Assignments 

120- Pin Plastic Pin Grid Array - H5 Package 



Pin 


Name 


Pin 


Name 


Pin 


Name 


Pin 


Name 


C3 


V D D 


L3 


GND 


L11 


v D d 


C11 


GND 


B2 


Y15 


M2 


h 


M12 


GND 


B12 


Q7 


B1 


YEN 


N2 




M13 


025 


A12 


% 


D3 


GND 


L4 


V D D 


K11 


V D D 


C10 




C2 


V D D 


M3 


x 2 


L12 


GND 


B11 


Q4 


C1 


Yl6 


N3 


h 


L13 


Q 24 


A11 


Q3 


D2 


Y17 


M4 


x 4 


K12 


Q 23 


B10 


Q 2 


E3 


GND 


L5 


GND 


J11 


VDD 


C9 


Qi 


D1 


Y 18 


N4 




K13 


Q 22 


A10 


°o 


E2 


Yl9 


M5 


h 


J12 


Q 21 


B9 


DZ 


E1 


Y 2 0 


N5 


*7 


J13 


Q 20 


A9 


REM 


F3 


%) 


L6 


*8 


H11 


GND 


C8 


YO 


F2 


Y 2 1 


M6 


x 9 


H12 


°19 


B8 


Y1 


F1 


Y 22 


N6 


x 10 


H13 


Q18 


A8 


Y2 


G2 


GND 


M7 


*11 


G12 


V D D 


B7 


Y 3 


G3 


VDD 


L7 


VDD 


Gil 


Q17 


C7 


Y 4 


G1 


Y 23 


N7 


x 12 


G13 


Q 16 


A7 


Y5 


H1 


Y 2 4 


N8 


X13 


F13 


Q15 


A6 


Y6 


H2 


Y 25 


M8 


x 14 


F12 


Ql4 


B6 


Y 7 


H3 


GND 


L8 


x 15 


F11 


VDD 


C6 


Y B 


J1 


Y 2 6 


N9 


XEN 


E13 


Q 13 


A5 


Yg 


J2 


Y 27 


M9 


CLK 


E12 


Q 12 


B5 


Y 10 


K1 


Y 28 


N10 


OEQ 


D13 


Ql1 


A4 


VDD 


J3 


V D D 


L9 


Q31 


E11 


GND 


C5 


Y11 


K2 


Y29 


M10 


Q 30 


D12 


Q 10 


B4 


Y12 


L1 


Y30 


N11 


Q 29 


C13 


Qg 


A3 


Yl3 


M1 


Y 3 1 


N12 


Q 28 


B13 


Qb 


A2 


Y14 


K3 


GND 


L10 


Q 27 


D11 


v D d 


C4 


GND 


L2 


V D D 


M11 


GND 


C12 


GND 


B3 


% 


N1 


GND 


N13 


Q 26 


A13 


V D D 


A1 


GND 




N 


M L K 


J H 1 


3 F E 


D C B 


A 
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Functional Description 
General Information 

The TMC3211 consists of input registers, a pipelined array 
divider, and output (quotient) registers. The 16-bit divisor and 
32-bit dividend input registers can each be loaded indepen- 
dently using the two synchronous load enable controls. The 
divider is a 16-stage pipelined non -restoring array which 
produces a 32-bit quotient and condition flags which indicate 
an attempted division by zero, or operations which yield a 
non-zero remainder or inexact result. The 32-bit parallel 
quotient output register includes three -state output drivers 
with synchronous enable control, which permits multiple 
TMC3211s to be operated in parallel or connected directly to a 
system bus. 

The TMC3211 requires a total of 19 clock cycles to generate a 
full 32-bit quotient result. Once the internal pipeline is full, a 
new quotient is available at the output every clock cycle. 

Signal Definitions 

Power 

Vdd, GND 



Clock 

CLK 



Inputs 

Y 31-0 

x 15-0 

Outputs 

Q 31-0 



The TMC3211 operates on a single +5V supply. 
All power and ground lines must be connected. 



The TMC3211 has a single Clock input. All input 
and output signal timing is referenced to the 
rising edge of Clock. 



The 32-bit Dividend is presented through the 
registered Y input port. Y31 is the sign bit. The 
LSB is Y 0 . 

The 16-bit Divisor is presented through the 
registered X input port. X15 is the sign bit. The 
LSB is Xrj. 



The current Quotient is available on the 
registered Q output bus. Q31 is the sign bit. 
The LSB is Qg. 



3-422 



Raytheon Semiconductor For More Information call 1-800-722-7074. 



TMC3211 



Controls 

YEN 



XEN 



OEQ 



Data present at the Dividend input Y31 _□ is 
latched into the input registers on the rising 
edge of clock when the enable control YEN is 
LOW. 

Data present at the Divisor input Xi5_g is 
latched into the input registers on the r ising 
edge of clock when the enable control XEN is 
LOW. 

The quotient output bus Q31-0 and flags DZ 
and REM are in the high -impedance state 
when the registered Output Enable OEQ is HIGH. 
When OEQ is LOW, they are enabled on the 
next clock cycle. 



Flags 

DZ 



REM 



Whenever a zero divisor is input, the resulting 
invalid output quotient will be accompanied by a 
registered Divide -By -Zero Flag HIGH. 

Whenever a division operation leaves a nonzero 
remainder, the resulting quotient is accompanied 
by a registered nonzero Remainder Flag HIGH. 



Package Interconnections 



Signal 
Type 


Signal 
Name 


Function 


H5 Package 


Power 


v D d 


Supply Voltage 


B3, A4, A13 f D11, F11, G12, J11, K11, 
L11, L7, L4, L2, J3, G3, F3, C2, C3 




GND 


Ground 


A1, C4, C11, C12, Ell, H11, L12, M12, 
Mil, L5, L3, N1, K3, H3, G2, E3, D3 


Clock 


CLK 


System Clock 


M9 


Inputs 


Y 31-0 


Dividend Data 


Ml, L1, K2, K1, J2, J1, H2, HI, 
G1, F1, F2, El, E2, D1, D2, CI, 
B2, A2, A3, B4, C5, B5, A5, C6, 
B6, A6, A7, C7, B7, A8, B8, C8 




X 15-0 


Divisor Data 


L8, M8, N8, N7, M7, N6, M6, L6, 
N5, M5, N4, M4, N3, M3, N2, M2 


Outputs 


Q 31-0 


Quotient Data 


L9, M10, Nil, N12, L10, N13, M13, L13, 
K12, K13, J12, J13, H12, H13, Gil, G13, 
F13, F12, E13, E12, D13, D12, C13, B13, 
B12, A12, C10, B11, All, B10, C9, A10 


Controls 


YEN 


Dividend Write Enable 


B1 




XEN 


Divisor Write Enable 


N9 




OEQ 


Quotient Output Enable 


N10 


Flags 


DZ 


Divide- By Zero Flag 


B9 




REM 


Inexact Remainder Flag 


A9 


No Connect 




Index Pin 


D4 



For More Information call 1-800-722-7074. 
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Applications Discussion 
Division Using A Constant 

By utilizing the separate input data register load enable constant. The data currently held remain in the input 
controls, the TMC3211 can perform division by a registers until updated by the user. 



Data Formats 

The TMC3211 supports fixed-point two's complement quotient properly. Two possible binary weightings of the 
data formats. By keeping track of the binary points of input and output bits are as follows: 
the input data, the user can then interpret the resulting 



Figure 1. Integer Data Format 



Pin 


D31 


D30 


D29 


D28 


D27 


D26 


D25 


D24 


D23 


D22 


D21 


D20 


D19 


D18 


D17 


D16 


D15 


D14 


D13 


D12 


D11 


D10 


D9 


D8 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


Y 


-231 


2 30 


229 


2 28 


227 


2 26 


2 25 


2 24 


223 


222 


221 


2 20 


2 19 


2 18 


2 17 


2 16 


2 15 


2 14 


213 


2 12 


2" 


2 10 


29 


2 8 


27 


2 6 


25 


2 4 


23 


22 


21 


2 0 


X 


































-215 


2 14 


2« 


2 12 


211 


2 10 


29 


28 


27 


2 6 


25 


2 4 


23 


22 


21 


2 0 


Q 


-231 


2 30 


229 


2 28 


2 27 


2 26 


225 


2 24 


223 


222 


221 


2 20 


2 19 


2 18 


2 17 


2 16 


2 15 


2 14 


213 


2 12 


2" 


2 10 


29 


2« 


27 


26 


25 


2 4 


23 


22 


21 


20 



Figure 2. Fractional Data Format 



-20 


.2-1 


2-2 


2-3 


2 -4 


2-5 


2-6 


2-7 


2-8 


2-9 


2-10 


2-11 


2-12 


2-13 


2-14 


2 -15 


2-16 


2-17 


2-18 


2-19 


2-20 


2-21 


2-22 


2-23 


2-24 


2-25 


2-26 


2-27 


2-28 


2-29 


2-30 


2-31 


































-20 


.2-1 


2-2 


2-3 


2-4 


2-5 


2-6 


2-7 


2-8 


2-9 


2-10 


2-11 


2-12 


2-13 


2-14 


2-15 


-215 


.2" 


2 13 


2 12 


2" 


2 10 


29 


28 


27 


2 6 


25 


2 4 


23 


22 


21 


2 0 


2-1 


2-2 


2-3 


2-4 


2-5 


2-6 


2-7 


2-8 


2-9 


2-10 


2-11 


2-12 


2-13 


2-14 


2-15 


2-16 



where a leading minus sign indicates a sign bit. 

Care must be taken when adopting fractional data 
formats. By observing the binary weighting applied to 
the input data in the dividend and divisor, the binary 
point of the quotient can then be correctly established. 
The difference lies only in constant scale factors, which 
must be considered in -order to maintain a data format 
which is compatible with the bit weighting of the 
hardware system. The two most common choices are 
fractional and integer notation. If integer notation is 
used, the LSBs of the dividend, divisor, and quotient all 
have the same value. With fractional notation the MSBs 
are all of equal weight. 

Divide by Zero 

The flag DZ indicates that the divisor input for the 
current calculation was a zero, independent of the 
dividend. Dividing by zero is an undefined operation 
yielding a meaningless quotient. Thus, this flag must be 
monitored to guard against possible errors. 



Inexact Results 

The flag REM is provided to indicate that the current 
quotient left a nonzero remainder and was truncated 
toward zero. 

Negative Full-Scale Overflow 

Due to a finite data word width, a two's complement 
overflow error occurs under the following unique 
condition: 

Divisor Y=800000G0h ( — Full-Scale) 
Dividend X-FFFF H (-1) 

Result: 

Quotient Q=80000000h (-Full-Scale] 

As stated above, this is due to a limitation in the number 
of bits available to indicate a positive full-scale quotient, 
and data overflows into the MSB position to indicate an 
incorrect sign. 
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figure 3. Timing Diagram 



l PWH , tpWL 



CLK 







2 


L 


-11 




— 11 ^ , CY ^ 





(XX * xxxxx *. xxxxx * xxxx> 



NOTE 1 



M XWxX W)66 



YEN 



I I I 



xm 



l H0 



Q 31 _ 0 . DZ, REM 

Notes: 



1. Demonstrates division by a constant, Q2 = Y^Xj. 

2. Assumes OEQ = LOW. 



Figure 4. Equivalent Input Circuit 




^ GND 



figure 5. Equivalent Output Circuit 



o 



rl 



h^p -:di 



i SUBSTRATE 



-O OUTPUT 



p WELL 



"i" GND 



For More Information call 1-800-722-7074. 



Raytheon Semiconductor 



3-425 



TMC32U 



Absolute maximum ratings (beyond which the device may be damaged) 1 



Supply Voltage ; -0.5 to +7.0V 

Input Voltage -0.5 to (V DD + 0.5)V 

Output 

Applied voltage 2 -0.5 to (V DD + 0.5)V 

Forced current 3 ' 4 : -3.0 to 6.0mA 

Short-circuit duration (single output in HIGH state to ground) 1 sec 

Temperature 

Operating, case -60 to +130°C 

junction 175°C 

Lead, soldering (10 seconds) 300°C 

Storage -65 to +150°C 

Notes: 



1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 



Operating conditions 









Temperature Range 










Standard 




Parami 


Bter 


Test Conditions 


Min 


Norn 


Max 


Units 


v D d 


Supply Voltage 




4.75 


5.0 


5.25 


V 


V|L 


Input Voltage, Logic LOW 








0.8 


V 


V|H 


Input Voltage, Logic HIGH 




2.0 






V 


'OL 


Output Current, Logic LOW 








4.0 


mA 


'oh 


Output Current, Logic HIGH 








-2.0 


mA 




Cycle Time 


V DD - Min 






50 


ns 


l PWL 


Clock Pulse Width, LOW 


V DD = Min 


15 






ns 


l PWH 


Clock Pulse Width, HIGH 


V DD = Min 


15 






ns 


l S 


Input Setup Time 




12 






ns 


l H 


Input Hold Time 




6 






ns 


h 


Ambient Temperature, Still Air 




0 




70 


°C 
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DC characteristics within specified operating conditions 1 



Parameter 


Test Conditions 


Temperature Range 


Units 


Standard 


Min 


Max 


Iggg Supply Current, Quiescent 


Vgg = Max, V||\| = 0V 




5 


mA 


IqqU Supply Current, Unloaded 


V DD = Max, 0EQ=5V, f=20MHz 




150 


mA 


l|l_ Input Current, Logic LOW 


w Mov \/ n\/ 

vgg = IViax, V||^| = UV 




i n 
- 1 u 


..A 


l(H Input Current, Logic HIGH 


Vnn = Max, V|M = Vnn 

UU ' MM UU 




10 


jltA 


Vm Diitnut Vnltanp 1 nnir 1 flW 


\lr\r\ — Min lr»i — MflY 
vrjrj — iviiii, ini — iviciA 




0.4 


v 


Vqh Output Voltage, Logic HIGH 


Vgg = Min, lgH = Max 


2.4 




V 


IgZL Hi-Z Output Leakage Current, Output LOW 


V DD = Max, V| N = 0V 




-40 




IqZH Hi-Z Output Leakage Current, Output HIGH 


V DD = Max, V, N =V DD 




40 


^A 


IgS Short-Circuit Output Current 


Vgg = Max, Output HIGH, one pin to 
ground, one second duration max. 




-150 


mA 


C| Input Capacitance 


T A = 25°C, f=1MHz 




10 


pF 


Cg Output Capacitance 


T A = 25°C, f=1MHz 




10 


PF 



Note: 1. Actual test conditions may vary from those shown, but guarantee operation as specified. 



AC characteristics within specified operating conditions 







Temperature Range 








Standard 




Parameter 


Test Conditions 


Min 


Max 


Units 


t D Output Delay 1 


V DD = Min, C LOAD = 25pF 




35 


ns 


t|_|Q Output Hold Time 


V DD = Max, C LOAD = 25pF 


5 




ns 



Note: 1. Equivalent to tp|g and t ENA of the three-state outputs. 



Ordering Information 



Product 


Temperature Range 


Screening 


Package 


Package 


Number 








Marking 


TMC3211H5C 


STD-T A = 0°C to 70°C 


Commercial 


120 Pin Plastic Pin Grid Array 


3211H5C 



40G05579 Rev D 8/93 
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Section 3 — Standard Products 



Memory/Storage 



8/ 

Dl 7-0l7= 



n 1 — 



.A. 



3-F 



"16 

A. 



8-Bit Wide 
1 of 16 Selector 



DO- 



7-0 



Signal processing puts extraordinary demands on 
memory and storage elements. The highly pipelined 
architectures require a variety of short, wide, variable 
delays to compensate unequal data paths. At times, long 
delays are needed. 



Raytheon provides solutions to all of those problems with 
special-purpose memory and storage elements. The 
TDC1005 and TDC1006 shift registers are basic long, 
fast serial storage elements. For delay equalization 
problems, the TMC201 1/21 1 1 provides an easy solution, 
with a byte-wide architecture and fully programmable 
lengths up to 18 words. 







Clock 
Rate 1 


Power 1 








Product 


Description Size 


(MHz) 


(Watts) 


Package 


Grade 


Notes 


TMC201M 


Programmable Digital Delay 3-18x8 bit 


40 


0.1 


B2.R3 


C 


Also 21-36x4 split mode. 






30 


0.1 


B2, C3 


C.V.SMD 




TMC2111-1 


Programmable Digital Delay 1-16x8 bit 


40 


0.1 


B2.R3 


C 








30 


0.1 


B2.C3 


C.V.SMD 





Notes 

1 . Guaranteed. See product specifications for test conditions. 

2. As High Reliability, T c - -55°C to 1 25°C. 
C » Commercial, T A « 0°C to 70°C. 

V * MIL-STD-883 compliant, T c » -55°C to 125°C. 

SMD = Available per Standardized Military Drawing, T c - -55°C to 125°C. 
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TMC20U/TMC21U 



TMC2011/TMC2111 

CMOS, Variable-Length Shift Register 

8-Bit, 40 MHz 



Description 

The TMC201 1 and TMC21 1 1 are high-speed, byte-wide 
shift registers with programmable delay lengths. 

The TMC201 1 can be programmed to any length 
between 3 and 18 stages. If offers a special split-word 
mode which allows for mixed delay lengths. The 
TMC201 1 , constructed in low-power CMOS, is pin and 
function compatible with the bipolar TDC1 01 1 . 

The TMC21 1 1 is a byte-wide shift register that can be 
programmed to lengths of 1 to 1 6 stages. 

TheTMC2011 andTMC2111 are fully synchronous, 
with all operations controlled by a single master clock. 
Input and output registers are positive-edge triggered D- 
type flip-flops. The length and mode controls are also 
registered. Both devices operate with a maximum clock 
rate of 40 MHz. 

Built with Raytheon Semiconductor's OMICRON-CTM 
one micron CMOS process, the TMC201 1 and 
TMC2111 are TTL-compatible, low-power replacements 
for the popular TDC101 1 , used in applications ranging 
from video to bit-slice processors. 



Features 

♦ Low power CMOS 

♦ Pin compatible replacement for the TDC1 01 1 
(TMC2011) 

♦ Inputs and outputs are TTL-compatible 

♦ DC — 40 MHz clock rate 

♦ Selectable delay lengths (TMC201 1 : 3 to 1 8 stages, 
TMC2111:1 to 16 stages) 

♦ Special 4-bit wide mixed-delay mode (TMC201 1 ) 

♦ Available in 24-pin CERDIP and 28-contact plastic 
or ceramic chip carrier 

♦ Commercial and MIL-STD-883C grades 

Applications 

♦ Video filtering 

♦ High speed data acquisition 

♦ Local storage registers 

♦ Digital delay lines 

♦ Television special effects 

♦ Pipeline register 



Simplified Block Diagrams 



TMC2011 



TMC2111 



INPUT 



DI 3-Q T7" 



LENGTH 
SELECTOR I 



INPUT 



D '7-45X 
MODE CONTROL > 
CLK > 



4. 4, 



3 T0 18 STAGE 




PROGRAMMABLE 




DELAY 




A 





OUTPUT DO 3 . 0 




OUTPUT D0 7 . 



INPUT Dl 7 



LENGTH 

SELECTOR Lg.Q 2 " 
CLK > 





1 T0 16 STAGE 

PROGRAMMABLE 

DELAY 

A 











OUTPUT DO 7 . 0 
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TMC2011 Functional Block Diagram 




£>"o>.4 



■> TO ALL STAGES 



2011. FBD 



TMC2011 Pin Assignments 



Dig 

D"1 
Dl 2 
Dl 3 

V D D 
CLK 8 

Dl 4 9 
Dl 5 10 
Dl 6 11 
Dl 7 12 



TMC2011 



] 24 DO 0 




] 23 DO-( 




] 22 D0 2 
]21 D0 3 
]20 L 2 
]19 L 3 
] 18 GND 
] 17 MC 


D0 3 26 [ 
D0 2 27 [ 
D0 1 28 [ 
DO 0 1[ 
Dl 0 2[ 
DI-, 3[ 
Dl 2 4[ 


] 16 D0 4 




] 15 D0 5 




] 14 D0 6 




] 13 D0 7 





2011.B2.24 

24 Pin CERDIP - B2 Package 



o 



CM CO 2 O o 
_j _j O O 2 Z 

uo co oj t— o a> 
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n n 




] 18 D0 4 
] 17 D0 5 
1 16 D0 6 
]15 D0 7 
] 14 Dl 7 
] 13 Dl 6 
] 12 Dl 5 



Q — 1 — 1 Q -J Q 



2011.C3.R3.28 



28 Contact Chip Carrier - C3 Package 
28 Lead Plastic J-Leaded Chip Carrier - R3 Package 
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TMC2111 Functional Block Diagram 

DI 7-02./ 




7^C> DO 7-0 



-> TO ALL STAGES 



TMC2111 Pin Assignments 



Dl 0 


1[ 




] 24 DO 0 


«1 


2[ 




] 23 D0 1 


Dl 2 


3[ 




] 22 D0 2 


Dl 3 


4[ 




]21 D0 3 


1-0 


5[ 




]20 L 2 


Li 


6[ 


TMC2111 


]19 L 3 


VDD 


7[ 




] 18 GND 


CLK 


8[ 




] 17 GND 


Dl 4 


9[ 




] 16 D0 4 


D'5 


10 [ 




] 15 D0 5 


Dig 


11 [ 




] 14 D0 6 


Dl 7 


12 [ 




] 13 D0 7 






2111.B2.24 



24 Pin CERDIP - B2 Package 



D0 3 26 [ 
D0 2 27 [ 
D0 1 28 [ 
1[ 
2[ 



DO 0 
Dl n 



Dl-| 3[ 
Dl 2 4[ 



Z —J —I 0 o o z 

IO O (M t- O O) 

CM CM CM CM CM CM i— 

nnnnnnn 



TMC2111 

(TOP VIEW) 



] 18 D0 4 

] 17 D0 5 

] 16 D0 6 

] 15 D0 7 

] 14 Dl 7 

] 13 Dig 

]12 Dl 5 



2111.C3.R3.28 



28 Contact Chip Carrier - C3 Package 

28 Lead Plastic J-Leaded Chip Carrier - R3 Package 
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Functional Description 
General Information 

The TMC2011 consists of two 4-bit wide, programmable 
length shift registers. The TMC2111 consists of a single 
8-bit wide, programmable length shift register. The inter- 
nal registers of each device share control signals and a 
common clock. 

Signal Definitions 

Power 

V DD , GND The TMC2011 and TMC2111 operate from 
a single +5V supply. All power and ground 
lines must be connected. 



Data Outputs 

D0g_7 The outputs of the shift register are delayed 
relative to the input signals. The amount of 
the delay is programmable (see Table /). 
The outputs remain valid for a minimum 
of tf-io nanoseconds after the leading edge 
of CLK. This allows the data to be latched 
into circuits with non-zero hold time 
requirements. 

Controls 

CLK All inputs and outputs are synchronous and 

operate from a single master clock. All 
operations occur on the rising edge of the 
master clock. 



Data Inputs 

Dlg-7 Eight inputs are provided for the data, 
which pass through the shift register 
unchanged. The eight inputs on the 
TMC201 1 are divided into two groups of 
four bits to allow mixed delay operation. 
The lengths of these two groups are 
different when the Mode Control (MC) is 
HIGH (see Table /). When MC is LOW 
both groups have equal delays. The 
TMC2111 consists of a single group of 
eight bits with all data bits having equal 
delays. 



Lg-3 The length select input is used to deter- 

mine the register delay of the TMC2011 
and TMC2111. This input is registered and 
affects the output tpo after the clock edge 
after it is input to the device (see Timing 
Diagram). Delay lengths are specified in 
Table 7. 

MC The Mode Control (TMC2011 Only) is used 

to select the special 4-bit wide split mode 
on the TMC2011. When HIGH the delay on 
D07_4 is fixed at 18 stages, while D03_g 
have the delay specified by the length 
select. When MC is LOW, all eight bits 
have equal delays as specified by the 
length select. 
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Figure 1. Timing Diagram (Preset Length Controls] 

1/ v I. 
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Note: 1 . Lis DO7 . 4 Length from Table 1. 



2011/2111.1 



Figure 2. Length Control Operation 
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Figure 3. Equivalent Input Circuit 
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Figure 4. Equivalent Output Circuit 
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Figure 1. Timing Diagram (Preset Length Controls) 
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Figure 2. Length Control Operation 



CLK 



"7-0 



MC, 
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DATA! ^7" DATA ^C7 DATA DATA X/ DATA" 

5 A. 6 A 7 A 2 A 8 ZX- 
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Figure 3. Equivalent Input Circuit 
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Figure 4. Equivalent Output Circuit 
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Absolute maximum ratings (beyond which the device may be damaged) 1 



Supply Voltage -0.5 to + 7.0V 

Input Voltage -0.5 to (V DD + 0.5)V 

Output 

Applied voltage 2 -0.5 to (V DD + 0.5)V 

Forced current 3 ' 4 -3.0 to + 6.0mA 

Short-circuit duration (single output in HIGH state to ground) 1 Second 

Temperature 

Operating, case -60 to +130°C 

case (plastic package (R3) only) -20 to +90°C 

junction 175°C 

Lead, soldering (10 seconds) 300°C 

Storage -65 to + 150°C 



Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 



Operating conditions 







Temperature Range 








Standard 


Extended 




Parameter 


Min 


Norn 


Max 


Min 


Norn 


Max 


Units 


v D d 


Supply Voltage 


4.75 


5.0 


5.25 


4.5 


5.0 


5.5 


V 


l PWL 


Clock Pulse Width, LOW 


12 






12 






ns 


l PWH 


Clock Pulse Width, HIGH 


12 






12 






ns 


ts 


Input Setup Time 
TMC2011 


10 






10 






ns 




TMC2011-1 


8 












ns 




TMC2111 


10 






12 






ns 




TMC2111-1 


8 












ns 


'H 


Input Hold Time 


1.0 






3.0 






ns 


V|L 


Input Voltage, Logic LOW 






0.8 






0.8 


V 


V|H 


Input Voltage, Logic HIGH 
DI 7 -0< L 3-0' MC 


2.0 






2.0 






V 




CLK 


2.4 






2.4 






V 


'OL 


Output Current, Logic LOW 






4.0 






4.0 


mA 


'oh 


Output Current, Logic HIGH 






-2.0 






-2.0 


mA 




Ambient Temperature, Still Air 


0 




70 








°C 




Case Temperature 








-55 




125 


°C 
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DC characteristics within specified operating conditions 1 









Temperature Range 










Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


'ddq 


Supply Current, Quiescent 


V DD = Max, V, N = 0V 




5 




5 


mA 


'ddu 


Supply Current, Unloaded 

TMP9ni 1 
1 IVIL.ZU 1 1 


V DD = Max, f = 20MHz 




40 




40 


mA 




TMC2111 






40 




40 


mA 


l|L 


Input Current, Logic LOW 


w M ax VlM = 0V 

y UIJ maA / w ||^ uv 


-10 




-10 




uA 


■|H 


Input Current, Logic HIGH 


Vnn = Max, Vi N = Vnn 




+ 10 




+ 10 




vol 


Output Voltage, Logic LOW 


Vprj=Min, loj_ = Max 




0.4 




0.5 


V 




Output Voltage, Logic HIGH 


VrjQ = Min, Iqj_j = Max 


2.4 




2.4 




V 


'os 


Short-Circuit Output Current 


VrjQ = Max, Output HIGH, one pin to 
ground, one second duration max. 




-50 




-50 


mA 




Input Capacitance 


T A =25°C, f=1MHz 




10 




10 


pF 


c 0 


Output Capacitance 


T A = 25°C, f=1MHz 




10 




10 


PF 



Note: 1. Actual test conditions may vary from those shown, but guarantee operation as specified. 



Switching characteristics within specified operating conditions 1 







Temperature Range 








Standard 


Extended 




Parameter 


Test Conditions 


Min 


Max 


Min 


Max 


Units 


tqlk Maximum Clock Rate 
TMC2011, TMC2111 


Vrjrj = Min 


30 




30 




MHz 


TMC2011-1, TMC2111-1 




40 








MHz 


tQ Output Delay 

TMC2011, TMC2111 


V DD = Min, C L0 AD = 4 °P F 




20 




25 


ns 


TMC2011-1, TMC2111-1 






17 






ns 


tj^Q Output Hold Time 


V DD = Max, C LOAD = 40pF 


5 




5 




ns 



Note: 1. All transitions are measured at a 1.5V level. 
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Standard Military Drawing 

These devices are also available as products manu- 
factured, tested, and screened in compliance with 
Standard Military Drawings (SMDs). The nearest vendor 
equivalent product is shown below; however, the 
applicable SMD is the sole controlling document defining 
the SMD product. 



Standard Military 
Drawing 


Nearest Equivalent 
Raytheon Prod. No. 


Package 


5962-8944601 LA 


TMC2011B2V 


24 Pin CERDIP 


5962^8944601 3A 


TMC2011C3V 


24 Contact Chip Carrier 


5962-8944602LA 


TMC2111B2V 


24 Pin CERDIP 


5962-89446023A 


TMC2111C3V 


24 Contact Chip Carrier 



Ordering Information 



Product 
Number 


Temperature Range 


Screening 


Package 


Package 
Marking 


TMC2011B2C 
TMC2011B2C1 
TMC2011B2V 


STD-T A = 0°C to 70°C 
STD-T A = 0°C to 70°C 
EXT-T C =-55°C to 125°C 


Commercial 
Commercial 
MIL-STD-883 


24 Pin 0.3" CERDIP 
24 Pin 0.3" CERDIP 
24 Pin 0.3" CERDIP 


2011B2C 
2011B2C1 
2011B2V 


TMC2011C3V 


EXT-T C =-55°C to 125°C 


MIL-STD-883 


28 Contact Hermetic Chip Carrier 


2011C3V 


TMC2011R3C 
TMC2011R3C1 


STD-T A = 0°C to 70°C 
STD-T A = 0°C to 70°C 


Commercial 
Commercial 


28 Lead Plastic J-Leaded Chip Carrier 
28 Lead Plastic J-Leaded Chip Carrier 


2011R3C 
2011R3C1 


TMC2111B2C 
TMC2111B2V 


STD-T A = 0°C to 70°C 
EXT-T C =-55°C to 125°C 


Commercial 
MIL-STD-883 


24 Pin 0.3" CERDIP 
24 Pin 0.3" CERDIP 


2111B2C 
2111B2V 


TMC2111C3V 


EXT-T C =-55°C to 125°C 


MIL-STD-883 


28 Contact Hermetic Chip Carrier 


2111C3V 


TMC2111R3C 
TMC2111R3C1 


STD-T A = 0°C to 70°C 
STD-T A = 0°C to 70°C 


Commercial 
Commercial 


28 Lead Plastic J-Leaded Chip Carrier 
28 Lead Plastic J-Leaded Chip Carrier 


2011R3C 
2011R3C1 
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Linear 



Standard Linear Products 



Operational Amplifiers | 



I 

Precision 

RC4207 ♦ OP-07 



RC4227 

LH2108/A 

RC4277 

LM108/A 

LT1001/A 



Low Power 

♦ LM 148/348 



♦ OP-27 

♦ OP-37 

♦ OP-77 



I 

General Purpose 

♦ RM741 

♦ RC747 

♦ RC3403A 

♦ RC4136 

♦ RC4741 

♦ LH2101A 

♦ LM101A 

♦ LM 124/324 



I 

High Gain 

♦ RC4558 

♦ RC4559 

♦ RC4560 



1 

High Performance 

♦ RC4156 

♦ RC4157 

♦ RC5532/A 

♦ RC5534/A 



Comparators | 




— LH2111 




- LM111 




- LM139/A 




— LM339 




L RM4805/A 



E 



Voltage References | 



REF01 +10V Voltage Reference 
REF02 +5V Voltage Reference 



Voltage Regulators I 



RC4190 Micropower Switching Regulator 
RC41 91/2/3 Micropower Switching Regulator 
RC4391 Inverting Switch Mode Regulator 
RC4194 Dual Tracking Regulator 
RC4195 Fixed Dual Tracking Regulator 



Voltage-to-Frequency Converters] 



RC4152 
RC4153 



Ground Fault Interrupters | 


Specialty Functions | 




- LM1851 




- RC4200/A Multiplier 




- RV4140 




_ RC4444 Balanced Cross Point Array 




- RV4141 




- RM2207 Voltage Controlled Oscillator 




— RV4145 




— RC221 1 FSK Demodulator Tone Decoder 



At Raytheon Semiconductor we're committed to analog 
technology. Our growing line of standard linear products 
have provided circuit solutions for thousands of 
designers over the years. These products are based on 
our investment in people and technology, total quality 
control, just-in-time manufacturing, along with three 
decades of providing analog solutions to many design 
problems. 

A variety of low noise precision operational amplifiers, 
instrumentation amps, comparators, D/A multiplier/ 
dividers, precision voltage references, voltage-to- 
frequency converters, low power switching regulators 
and voltage regulators and specialty circuits comprise 
this product line. 

The products are fabricated on a bipolar-based junction 
isolated process. The process provides precision, low 
noise, low offset input stages, current sources and 



65-6152 

moderate power stages when needed. 

Precision instrumentation grade op amps are achieved 
with the addition of temperature stable silicon chromium 
thin film resistors, Zener zap trimming, low noise epitaxial 
growth process, and our patented digital offset 
nulling technique. This technique provides commercial 
grade products with ±10 uV offset, with a worst-case 
voltage drift of 0.1 \i\f/°C. 

Screening Options Available: 

♦ JAN Class B 

♦ Standard Military Drawings (SMD) 

♦ MiL-STD-883, Class B 

♦ Source Control Drawing (SCD) 

♦ Environmental Stress Screening 

♦ Military Temperature Range 

♦ Industrial Temperature Range 

♦ Commercial Temperature Range 
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Precision Operational Amplifiers 



Electrical Characteristics (mlrVmax except*) 



Type 


Description 




TCV OS 


Km 




CMRR 


Gain 








WO 


(uV/°C) 


(nA) 


(nA) 


(<JB) 


(V/nV) 


(mA) 


RC4207F 


Dual Low Noise 


75 


1.3 


5 


±5 


100 


0.4 


6.67 


RC4207G 




150 


0.7* 


10 


±10 


94 


0.25 


8.0 


RC4227F 


Dual Low Noise 


75 


1.3 


10 


±15 


104 


0.5 


6.67 


RC4227G 




150 


0.4* 


15 


±25 


100 


0.4 


8.0 


RM4227B 




75 


1.3 


10 


±15 


104 


0.5 


6.67 


RC4277F 




75 


1.0 


5.0 


i5.0 


110 


2.0 


5.5 


RV4277F 




75 


1.0 


5.0 


±5.0 


110 


2.0 


5.5 


LH2108A 


Dual 1 ow Noiss 


500 


5.0 


0.2 


i2.0 


96 


.04 


0.4 


LH2108 




2000 


15 


0.2 


±2.0 


85 


.025 


0.4 


LM108A 




500 


5.0 


0.2 


±2.0 


96 


.04 


0.4 


LM108 




2000 


15 


0.2 


±2.0 


85 


.025 


0.4 


OP-07A 


LowV^ 


25 


0.6 


2.0 


±2.0 


110 


0.3 


4.0 


OP-07 


75 


1.3 


2.8 


±3.0 


110 


0.2 


4.0 


Ur-O/b 




75 


1.3 


3.8 


±4.0 


106 


0.2 


4.0 






1 cr\ 
IOU 




o.u 


+7 ft 

Jul At 


inn 

I Uv 


ft 10 

U. tc 


K ft 
OX) 


Ur-U/ U 




4 cr\ 
IOU 


O K 
£.0 


o.u 


4.1 O ft 


QA 


ft 10 


C ft 


OP-27A 


Ultra Low Noise 


25 


0.6 


35 


±40 


114 


1.0 


4.67 


OP-27B 




60 


1.3 


50 


±55 


106 


1.0 


4.67 


OP-27C 




100 


1.8 


75 


±S0 


100 


0.7 


5.67 


AD 07c 

Ur-t/t 




25 


0.6 


35 


±40 


1 14 


1.0 


4.67 


OP-27F 




60 


1.3 


50 


±55 


106 


1.0 


4.67 


OP-27G 




100 


1.8 


75 


±80 


100 


0.7 


5.67 


OP-37A 


Homm rvinca toH 


25 


0.6 


35 


X*tVJ> 


114 


1 n 


A R7 


OP-37B 


/AC stable with 


60 


1.3 


50 


±55 


106 


1.0 


4.67 


OP-37C 


AV a >5) 


100 


1.8 


75 


±80 


100 


0.7 


5.67 


OP-37E 


Ultra Low Noise 


25 


0.6 


35 


±40 


114 


1.0 


4.67 


OP-37F 




60 


1.3 


50 


±55 


106 


1.0 


4.67 


OP-37G 




100 


1.8 


75 


±B0 


100 


0.7 


5.67 


OP-77A 


LowV^ 


25 


0.3 


15 


±2.0 


120 


5.0 


2.0 


OP-77B 


60 


0.6 


2.8 


±2.8 


116 


2.0 


2.0 


OP-77E 




25 


0.3 


1.5 


±2.0 


120 


5.0 


2.0 


OP-77F 




60 


0.6 


2.8 


±2.8 


116 


2.0 


2.0 


OP-77G 




100 


1.2 


2.8 


±2.8 


116 


2.0 


2.0 
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1 kHz 


Packages 


Temperature Range 


MIL-STD 


Slow 


GBW* 


Noise** 


M 


u 


N 


T 

1 


L 


*OJ)A* 10 


fcO v 10 




883/B 




(MHz) 


fnVA/Mz) 


SOIC 


CDIP 


PDIP 


TO-99 


LCC 


+125°C 


+85°C 


+70°C 


Avallabilltv 

^% w aim win it 


0.3 


1.5 


10.3* 






X 










X 




0.3 


1.5 


10.3* 






X 










X 




2.7 


8.0 


3.8* 




X 


x 










x 




2.7 


8.0 


3.8* 




X 


X 










X 




2.7 


8.0 


3.8* 




X 








X 






X 


0.3 


1.5 


10.3* 






X 








X 






0.3 


1.5 


10.3* 




X 










X 






.05 


1.0 


30 




X 








X 






X 


.05 


1.0 


30 




X 








X 






X 


.05 


1.0 


30 




X 




X 


X 


X 






X 


.05 


1.0 


30 




X 




X 


X 


X 






X 


0.3 


0.5 


18 




y 

A 




Y 

A 




X 






X 


0.3 


0.5 


18 




v 
A 




Y 
A 




Y 
A 






X 


0.3 


0.5 


18 


Y 

A 




Y 

A 










v 

A 




0.3 


0.5 


20 


X 




X 










X 




0.3 


0.5 


20 


x 




x 










x 




2.8 


8.0 


5.5 




Y 
A 




Y 
A 




Y 
A 






X 


2.8 


8.0 


5.5 




v 

A 




V 
A 




Y 
A 






X 


2.8 


8.0 


8.0 




Y 

A 




Y 
A 




Y 
A 






X 


2.8 


8.0 


5.5 


X 




x 








x 


x 




2.8 


8.0 


5.5 


X 




X 








X 


X 




2.8 


8.0 


8.0 


X 




X 








X 


X 




17 


63 


5.5 




x 




x 




x 






X 


17 


63 


5.5 




x 




x 




x 






X 


17 


63 


8.0 




X 




X 




X 






X 


17 


63 


5.5 


X 




X 










X 




17 


63 


5.5 


X 




X 










X 




17 


63 


8.0 


X 




X 










X 




0.3 


0.6 


18 




X 




X 




X 






X 


0.3 


0.6 


18 




X 




X 




X 






X 


0.3 


0.6 


18 


X 




X 










X 




0.3 


0.5 


20 


X 




X 










X 




0.3 


0.6 


20 


X 




X 










X 





10 Hz 
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Precision Operational Amplifiers 

Input Offset Voltage Selection Table by Package Type (+25°C limits, in microvolts) 


Part 
Type 


Plastic 
DIP (N) 


SOIC (M) 


Leadless 
Ceramic Chip 

DIP(D) Carrier (L) 


Metal 
Can 

TO-99 (T) 


RC4207* 


±75 




±75 




RC4227* 


±75 




±75 




RC4277* 


±30 




±30 


125 


OP-07 


±75 


±75 


125 


125 


OP-27 


d25 


±25 


125 


125 


OP-37 


±25 


±25 


125 


±25 


OP-77 


125 


±B0 


±25 


125 


LM108/A 






±500 ±500 


±500 


LH2108/A* 






±500 ±500 


±500 



'Dual 



Audio and General Purpose Operational Amplifiers 

Single Operational Amplifiers 







Maximum Input 
Specifications @25°C 
Offset Offset Bias 


Typ.' 
Unity 
Gain 


Typ. 
Slew 




Available Packages 


Type 


Description 


Voltage 
(mV) 


Current 
(nA) 


Current 
(nA) 


BW 
(MHz) 


Rate 
(V/uS) 


Temp 1 
Range 


D 


L M N T 


LM101A 


General Purpose with Im- 
proved Input Characteristics 


2.0 


10 


75 


1.0 


0.5 


M 


X 


X 


RM741 


General Purpose, Internal Comp 


5.0 


200 


500 


1.0 


0.5 


M 


X 


X 


RC5534 


High Performance, Low Noise 


4.0 


300 


1500 


10 


13 


C 




X 


RM5534 




2.0 


200 


800 


10 


13 


M 


X 


X 


RC5534A 3 




4.0 


300 


1500 


10 


13 


C 




X 


RM5534A 3 




2.0 


200 


800 


10 


13 


M 


X 


X 



Notes: 

1 . Gain bandwidth product for 5534/A series and closed loop bandwidth for OP series. 2. Operating Temperature Range: M = -55°C to +125°C; C = OX to 



+70 °C. 3. RM/RC5534A guarantees maximum input noise specification. 



Dual Operational Amplifiers 







Maximum Input 
Specifications @25°C 
Offset Offset Bias 


Typ. 1 
Unity 
Gain 


Typ. 
Slew 




Available 


Pad 


cages 


5 


Type 


Description 


Voltac 
(mV] 


je Current 
f (nA) 


Current 
(nA) 


BW 
(MHz) 


Rate 

(V/uS) 


Temp 2 
Range 


D L 


M 


N 


T 


LH2101A 


High Performance 


2 


10 


75 




0.5 




X 








RM747 


Dual 741 


5 


200 


500 


1 


0.5 


M 


X 






X 


RC4558 


Wideband 741 


6 


200 


500 


3 


1 


C 




X 


X 




RM4558 




5 


200 


500 


3 


1 


M 


X 






X 


RC4559 


High Performance 


6 


100 


250 


4(3) 


2(1,5) 


C 


X 


X 


X 




RM4559 




5 


100 


250 


4(3) 


2(1,5) 


M 


X 






X 


RC4560 


Wide Bandwidth 


7 


300 


800 


10 


4 


C 




X 


X 




RC5532 


High Performance, 


4 


150 


800 


10 


8 


C 


X 




X 




RM5532 


Low Noise 


2 


100 


400 


10 


8 


M 


X 






X 


RC5532A 3 




4 


150 


800 


10 


8 


C 


X 




X 




RM5532A 3 




2 


100 


400 


10 


8 


M 


X 






X 



Notes: 

1 . Gain bandwidth product for 5532A series. 2. Operating Temperature Range: M = -55°C to +125°C; C = 0°C to +70°C. 3. RM/RC5532A guarantees maximum 



input noise specification. ( ) Denotes guaranteed specifications. 
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Linear 



Quad Operational Amplifiers 



Maximum Input Typ. 1 
Specifications @25°C Unity Typ. 







Offset 


Offset 


Bias 


Gain 


Slew 




Available 


Pad 


kages 






Voltage 


Current 


Current 


BW 


Rate 


Temp 1 








Type 


Description 


(mV) 


(nA) 


(nA) 


(MHz) 


(V/uS) 


Range 


D L 


M 


N T 


RM4741 


741 General Purpose 


3 


30 


200 


3.5 


1.6 


M 


X 






RC4741 




5 


50 


300 


3.5 


1.6 


C 






X 


LM124 


Single Supply 


5 


30 


150 


1 


— 


M 


X 






LM148 


Low Power 741 


5 


25 


100 


1 


0.5 


M 


X 






LM324 


Single Supply 


7 


50 


250 


1 


— 


C 




X 


X 


RC3403A 


Ground Sensing 


6 


50 


500 


1 


1.2 


C 






X 


RC4136 


741 General Purpose 


6 


200 


500 


3 


1 


C 




X 


X 


RM4136 




4 


150 


400 


3 


1.5 


M 


X 






RC4156 


High Performance 


5 


50 


300 


3.5 


1.6 


C 


















(2.8) 


(1.3) 






X 


X 


RM4156 




3 


30 


200 


3.5 


1.6 


M 


X 
















(2.8) 


(1.3) 










RC4157 


High Speed, Decompensated 


5 


50 


300 


19(15) 


8(6.5) 


C 




X 


X 


RM4157 




3 


30 


200 


19(15) 


8(6.5) 


M 


X 







Notes: 

1. Operating Temperature Range: M = -55°C to +125*0; C = 0*C to +70 < C. 
() Denotes guaranteed specification. 



Comparators 







Maximum Input 
















Specifications q 


P25°C 


Voltage 




Output 










Offset 


Bias 


Offset 


Gain 


Max 


Leakage 


Available Packages 






Voltage 


Current 


Current 


(V/mV 


Sat 


Current 






Type 


Description 


(mV) 


(nA) 


(nA) 


typ) 


Voltage 


(nAtyp) 


D 


L M N T 


LH2111 


Dual Precision Voltage 


3.0 


100 


10 


200 


&12V 


0.2 


X 




LM111 


Low Input Current 


3.0 


100 


10 


200 


&12V 


0.2 


X 


X 


LM139 


Quad Single Supply 


5.0 


100 


25 


200 


0.40 


0.1 


X 




LM139A 


Quad Single Supply 


±2.0 


100 


25 


200 


0.40 


0.1 


X 




LM339 


Quad Single Supply 


5.0 


250 


50 


200 


0.40 


0.1 




X X 


RM4805 


Precision High Speed 


0.6 


1800 


150 


20 


0.40 




X 




RM4805A 




0.25 


1200 


80 


20 


0.40 




X 





Package Codes: 

D « Ceramic DIP L ■ Leadless Chip Carrier M « Plastic SOIC N - Plastic DIP T « Metal Can (TO-99) 



For More information, call 1 -800-722-7074. Raytheon Semiconductor 
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Voltage References 

Typical Typical Input 

Nominal Typical AV^ Typical Typical Load Voltage 

Voltage Tempco Temp. Over Temp. Line Reg. Load Reg. Current Range 



Device 


Out 


(Ppm/°C) 


Range 


(%) 


(%/Volt) 


(%/mA) 


(mA) 


(Voltage) 


REF-01 


10.00 


10.0 


Mil 


.18 


.006 


.006 


15 


12 to 40 


REF-01C 


10.00 


20.0 


Comm 


.14 


.009 


.006 


15 


12 to 40 


REF-01 D 


10.00 


70.00 


Comm 


.49 


.012 


.009 


15 


12 to 40 


REF-02 


5.00 


10.00 


Mil 


.18 


.006 


.006 


15 


7to40 


REF-02C 


5.00 


20.00 


Comm 


.14 


.009 


.006 


15 


7to40 


REF-02D 


5.00 


70.00 


Comm 


.49 


.012 


.009 


15 


7to40 



Voltage Regulators 





Regulator 


Operating 




Typ. Regulation 


Typ. Supply 


Product 


Type 


Range 


Efficiency 


Line 


Load 


Current 


RC4190 


Low Power Switcher 


1.3 to 30V 


85% 


.04% Vo 


0.2% Vo 


235 mA 


RC41 91/2/3 


Low Power Switcher 


2.2 to 30V 


85% 


.04% Vo 


0.2% Vo 


225 nA 


RC4194 


Adj. Dual Tracker 


145V 


n/a 


0.04% Vout 


0.002% vout 


+0.8 and -1 .8 mA 


RC4195 


Fixed Dual Tracker 


±30V 


n/a 


2.0 mV 


5.0 mV 


±1.5 mA 


RC4391 


Inverting Switcher 


4 to 30V 


70% 1.0 to 1.5% Vo 


.07 to 0.2% Vo 


300 pA 



Voltage-to-Frequency Converters 







High 






Product 


Description 


Accuracy 


Bandwidth 


Tempco 


RC4152 


VFC or FVC 


0.05% Max 


DC to 100 kHz 


150ppm/°C 


RC4153 


VFC 


0.01% Max 


DC to 250 kHz 


50 ppm/°C 
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Linear 



Ground Fault Circuit Interrupters (GFCI) 

Raytheon Semiconductor has been involved with GFC1/ALCI markets since 1973. Keeping pace with mandated UL 
regulations surrounding GFCI/ALCI type safety devices in homes has created a very high demand for low cost, easy to 
assemble, reliable ICs. Raytheon Semiconductor has met this challenge by providing the following standard GFCI/ALCI 
products. 



Features 


LM1851 


RV4140 


RV4141 


RV4145 


GFCI Applications 


Yes 


No 


Yes 


Yes 


ALCI Application 


No 


Yes 


Yes 


Yes 


'quiescent 


2.5 mA 


375 nA 


500 mA 


450 pA 


Ext. parts for GFCI 


20 


n/a 


13 


21 


Ext. parts for ALCI 


18 


10 


10 


12 


110V/220V Operation 


No 


Yes 


Yes 


Yes 


Built-in Rectifier 


No 


Yes 


Yes 


No 


Packaging 


8-SOIC 


Yes 


Yes 


Yes 


Yes 


8-DIP 


Yes 


Yes 


Yes 


Yes 


Dice 


Yes 


Yes 


Yes 


Yes 



RC4447 Quad PIN Diode Switch Driver 

♦ Drives PIN Diodes or MOSFETs 

♦ 50 ns response time (low to high) 

♦ 10 MHz pulse rate 

♦ Quad Driver, die or packaged units 



RC2211 FSK Demodulator/Tone 
Decoder 

♦ Excellent tempco — 20 ppm/°C 

♦ Wide frequency range — 0.01 Hz to 300 KHz 

♦ FSK demodulation with carrier-detector 



RM2207 Voltage Controlled Oscillator 

♦ 20 ppm/°C tempco 

♦ Adjustable duty cycle — 0.1 % to 99.9% 

♦ Wide frequency range — 0.01 Hz to 1 MHz 

♦ Two or four FSK capability 



RC4444 4x4x2 Balanced Switching 
Crosspoint Array 

♦ Low bidirectional 

♦ HighR^ 

♦ Low capacitance 

♦ High rate firing 

♦ Predictable holding current 

♦ Superior gate matching 

RC4200/A Multiplier 

♦ Non-linearity — 0.1 % max. 

♦ Tempco — 0.005% 

♦ Wide bandwidth— 4 MHz 

♦ Signal-to-noise ratio — 94 dB 

♦ Multiply, divide square, square root, RMS-to-DC 
conversion, AGC, modulate/demodulate 



For More Information, call 1-800-722-7074. 
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LM101A/LH2101A 



LM101A/LH2101A 

General Purpose Operational Amplifier 



capacitor stabilizing the circuit for all feedback 
configurations including capacitive loads. 

The device may be operated as a comparator with a 
differential input as high as 30V. Used as a 
comparator the output can be clamped at any desired 
level to make it compatible with logic circuits. 

The LM101 A and LH2101A operate over the full 
military temperature range from -55°C to +125°C. 




Features 

♦ Input offset voltage 0.7 mV 

♦ Input bias current 30 nA 

♦ Input offset current 1 .5 nA 

♦ Full frequency compensation 30pF 

♦ Supply voltage ±5.0V to i20V 



For More Information, call 1-800-722-7074. 
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LM101A/LH2101A 



Connection Information 



8-Lead 
TO-99 Metal Can 
(Top View) 



8-Lead 
Dual In-Une Package 

(Top View) 




Q 


0 ^ 


a 


d- 




3 


1- 




n 


Q 




a 


65-03206A 



Function 

Comp/Vo$ Trim 

-Input 

+lnput 

-v s 

Vqs Trim 
Output 

Comp 



16-Lead Dual In-Line Package 

(Top View) 




Pin 

Function 

+V S (A) 
Comp (A) 

CompA/osTrim (A) 
-Input (A) 
+lnput (A) 

-v s 

V 0 s Trim (B) 
Output (B) 



Pin 
Function 

9 +V S (B) 

10 Comp(B) 

11 CompA/os Trim ( B ) 

12 -Input (B) 

13 +lnput(B) 

14 V 0S Trim(A) 

15 NC 

16 Output (A) 



Ordering Information 



Part Number 


Package 


Operating 
Temperature 
Range 


LM101AD 


D 


-55°CtO+125°C 


LM101AD/883B 


D 


-55°Cto+125°C 


LM101AT 


T 


-55°CtO+125°C 


LM101AT/883B 


T 


-55°CtO+125°C 


LH2101AD 


D 


-55°CtO+125°C 


LH2101AD/883B 


D 


-55°Cto+125°C 



Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 

D - 8-lead ceramic DIP (LM101 types) 

D = 16-lead ceramic DIP (LH2101 types) 

T - 8-lead metal can (TO-99) 

Contact a Raytheon sales office or representative for 

ordering information on special package/temperature 

range combinations. 



Absolute Maximum Ratings 

Supply Voltage ±22V 

Differential Input Voltage 30V 

Input Voltage 1 ±15V 

Output Short-Circuit Duration 2 Indefinite 

Storage Temperature 

Range -65°C to +150°C 

Operating Temperature Range 

LM101A, LH2101A -55°C to +125°C 

Lead Soldering Temperature 

(60 sec) ...+300°C 

Notes: 

1 . For supply voltages less than ±1 5V, the absolute maximum 
input voltage is equal to the supply voltage. 

2. Observe package thermal characteristics. 
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LM101A/LH2101A 



Thermal Characteristics 





o-Leaci 


o-Lead 


1 D-Leaa 




Ceramic 


TO-99 


Ceramic 




DIP 


Metal Can 


DIP 


Max. Junction Temp. 


+175°C 


+175°C 


+175°C 


Max. P D T A <50°C 


833 mW 


658 mW 


1042 mW 


Therm. Res 8jq 


45°C/W 


50°C/W 


60°C/W 


Therm. Res. 9 JA 


150°C/W 


190°C/W 


120°C/W 


For T A >50°C Derate at 


8.33 mW/°C 


5.26 mW/°C 


8.33 mW/°C 



For More Information, call 1-800-722-7074. 
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LM101A/LH2101A 



Electrical Characteristics 

(C - 30 pF; i5.0V <£V S £ i20V; -55 # C <> T A £ +1 25*C unless otherwise specified) 







LM101A/LH2101A 




Parameters 


Test Conditions 


MIn 


iyp 


Max 


Units 


Input Offset Voltage 


T A =+25°C, R s <50kfl 




0.7 


2.0 


mV 


Input Offset Current 


T A = +25°C 




1.5 


10 


nA 


Input Bias Current 


T A =+25°C 




30 


75 


nA 


Input Resistance 


T A =+25°C 


1.5 


4.0 




Mft 


Supply Current 


T A =+25°C V s = ±20V 




1.8 


3.0 


mA 


Large Signal Voltage Gain 


T A =+25°C, V S = ±15V 
v 0UT = ±10V, R L ^ 2 kn 


50 


160 




V/mV 


mpui vjiTsei voiiage 








3.0 


mv 


Average Input Offset Voltage Drift 


Rc < 50 kQ 

o 




3.0 


15 


nv/°c 


Input Offset Current 








20 


nA 


Average Input Offset Current Drift 


+25°C<T A <+125°C 




0.01 


0.1 






-55°C<T A <+25°C 




0.02 


0.2 


nA/°C 


Input Bias Current 








1UU 


nA 


Supply Current 


T 4 /\roA w ■ A/\% # 

T A = +125°C, V5 = ±20V 




1.2 


2.5 


mA 


Large Signal Voltage Gain 


V S = ±15V 

V GUT = ±10V, R L >2kQ 


C.yJ 






V/mV 


Output Voltage Swing 


V S = ±15V R L = 10kQ 


±12 


±14 




V 




R L = 2kQ 


±10 


±13 






Input Voltage Range 


V S = ±20V 


±15 






V 


Common Mode Rejection Ratio 


R s £ 50 kfl 


80 


96 




dB 


Power Supply Rejection Ratio 


R s £ 50 k£l 


80 


96 




dB 
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LM101A/LH2101A 



Typical Performance Characteristics 

Supply Current vs. Supply Voltage 



2.5 
2.0 

J 1.0 

0.5 



±5 





















55°C 




























h25°C ~ 








t A = + 


125°<2 











































±10 ±15 
±V S (V) 



±20 



Voltage Gain vs. Supply Voltage 



120 
110 



CO 

2. 100 



90 



80 



'±5 































1 


A «-55°C 










T A =+25°C 


















T a -h 


h125°C 































±10 ±15 
±V 8 (V) 



±20 



Input Bias Current vs. Supply Voltage 




±10 ±15 
±V S (V) 



Current Limiting 
Output Voltage vs. Output Current 



15 



10 











i 

V s = ±15V 








L 














- +25°C 








:+125°C 

































8 



0 5 10 15 20 25 30 
louT(mA) 



Input Bias, Offset Current vs. Temperature 

400 



Maximum Power Dissipation vs. Temperature 



< 

c 



300 
200 
100 





























v s = 


±15V 
























Ib 


















































Iqs 



























-75 -50 -25 0 +25 +50 +75 +100+125 
Ta(°C) 





600 




500 




400 






E 


300 


s 






200 




100 




0 















































— * 










JtalC 


an 












X., 




. M 
































— 



































































































































9 



+25 +45 +65 +85 +1 05 +1 25 
T A (°C) 



For More Information, call 1-800-722-7074. 
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LM101A/LH2101A 



Typical Performance Characteristics (Continued) 




Follower Large Signal Pulse Response 
Output Voltage vs. Time 



10 

8 
6 
4 
2 
0 
-2 
-4 
-6 
-8 
-10 















V s = ±15V 














T A = +25°C 












nput 
























I 
























IfHJl 









































































































0 10 20 30 40 50 60 70 80 
Time (pS) 
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LM101A/LH2101A 



Typical Applications 



R1 

Input o— 




O Output 



AAAr— 0-v s 

R3 



10M "=r 50K 



* Maybe zero or equal to parallel combination of R1 and R2 
for minimum offset. 

65-0602 



Inputs 




Output 



65-0603 



Inverting Amplifier With Balancing Circuit 



Voltage Comparator for Driving DTL or TTL ICs 



Output o 



Input O 



Q1 
2N3456 




IJ_ C2* 
-r o.oiuF 



91 K Sample -±r 



* Polycarbonate dielectric capacitor 

Low Drift Sample and Hold 



Output 



Inputs 




Voltage Comparator for Driving RTL logic 
or High Current Driver 



For More Information, call 1-800-722-7074. 
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LM108A/LH2108A 

Precision Operational Amplifiers 

Description 

The LM108A operational amplifiers features low input 
bias current combined with the advantages of bipolar 
transistor construction; input offset voltages and 
currents are kept low over a wide range of 
temperature and supply voltage. Raytheon's 
superbeta bipolar manufacturing process includes 
extra treatment at epitaxial growth to ensure low input 
voltage noise. 

The LH2108 consists of two LM108 ICs in one 16-lead 
DIP. The "A" versions meet tighter electrical 
specifications than the plain versions. All types are 
available with 883B military screening. 



Features 

♦ Low input bias current — 2 nA 

♦ Low input offset current — 200 pA 

♦ Low input offset voltage — 500 *iV 

♦ Low input offset drift — 5 \i\f/°C 

♦ Wide supply range — ±3V to ±20V 

♦ Low supply current — 0.6 mA 

♦ High PSRR — 96 dB 

♦ High CMRR — 96 dB 

♦ MIL-STD-883B available 



For More Information, call 1 -800-722-7074. 
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LM108A/LH2108A 



Connection Information 



8-Lead 
Dual In-LIne Package 

(Top View) 



[I 
n 



n 

E 



■v 



n 

u 
I] 



Pin Function 



Comp 

-Input 

+lnput 

•V s 

NC 

Output 

? s 

Comp 



8-Lead 
TO-99 Metal Can 
(Top View) 




Pin Function 



Comp 

-Input 

+lnput 

-V s 

NC 

Output 

+V S 

Comp 



[I 

E 
E 
E 

II 



16 Lead DIP 

(Top View) 





5! 
iH 
53 
HI 
ID 
13 
1 

a 



Pin 


Function 


Pin 


Function 


1 


+V S (A) 


9 


+V S (B) 


2 


Comp (A) 


10 


Comp (B) 


3 


Comp (A) 


11 


Comp (B) 


4 


-Input (A) 


12 


-Input (B) 


5 


+lnput (A) 


13 


+lnput (B) 


6 


•v s 


14 


NC 


7 


NC 


15 


NC 


8 


Output (B) 


16 


Output (A) 



65-03205 



Ordering Information 



Part Number Package 



Operating 
Temperature 
Range 



LM108D 


D 


-55'C 


to 


+125'C 


LM108D/883B 


D 


-55'C 


to 


+125'C 


LM108AD 


D 


-55'C 


to 


+125'C 


LM108AD/883B 


D 


-55*C 


to 


+125'C 


LM108T 


T 


-55'C 


to 


+125'C 


LM108T/883B 


T 


-55 e C 


to 


+125'C 


LM108AT 


T 


-55'C 


to 


+125'C 


LM108AT/883B 


T 


-55'C 


to 


+125'C 


LH2108D 


D 


-55'C 


to 


+125'C 


LH2108D/883B 


D 


-55'C 


to 


+125'C 


LH2108AD 


D 


-55'C 


to 


+125'C 


LH2108AD/883B 


D 


-55'C 


to 


+125'C 



Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
D = 16 lead ceramic DIP (LH2108) 
D = 8 lead ceramic DIP (LM108) 
T = 8-lead metal can TO-99 



Absolute Maximum Ratings 

Supply Voltage ±20V 

Differential Input Current 1 ±10 mA 

Input Voltage 5 ±15 V 

Output Short Circuit 2 Continuous 

Operating Temperature Range 

Range -55*Cto+125'C 

Storage Temperature 

Range -65'Cto+150'C 

Lead Soldering Temperature 

(60 sec) +300'C 

Notes: 

1. The inputs are shunted with back-to-back diodes for overvolt- 
age protection. Therefore, if a differential input voltage in 
excess of 1 V is applied between the inputs, excessive current 
will flow, unless some limiting resistance is provided. 

2. For supply voltages less than ±15V, the absolute maximum 
input voltage is equal to the supply voltage. 
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LM108A/LH2108A 



Thermal Characteristics 





8-Lead 
TO-99 
Metal Can 


8-Lead 
Ceramic 
DIP 


16- Lead 
Ceramic 
DIP 


Max. Junction Temp. 


+175'C 


+175*C 


+175 # C 


Max. P D T A <50'C 


658 mW 


833 mW 


1042 mW 


Therm. Res 9jq 


50 # C/W 


45°C/W 


60*C/W 


Therm. Res. 9j A 


190"C/W 


150'C/W 


120'C/W 


ForT A >50'C Derate at 


5.26 mVWC 


8.33 mVWC 


8.38 mVWC 



For More Information, call 1 -800-722-7074. 
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LM108A/LH2108A 

Electrical Characteristics 

(±5V £ V s £ i20V and T A £ +25*C unless otherwise noted) 







LM108A/LH2108A 


LM108/LH2108 




Parameters 


Test Conditions 


Min 


Typ 


Max 


Min 


Typ 


Max 


Units 


Input Offset Voltage 






0.3 


0.5 




0.7 


2.0 


mV 


Input Offset Current 






0.05 


0.2 




0.05 


0.2 


nA 


Input Bias Current 






0.8 


2.0 




0.8 


2.0 


nA 


Input Resistancel 




30 


70 




30 


70 




MQ 


Large Signal Voltage Gain 


V S =±15V, 
V OU T = ±10V, 
R L S>10kQ 


80 


300 




50 


300 




V/mV 


Supply Current 


Each Amplifier 




0.3 


0.6 




0.3 


0.6 


mA 



Electrical Characteristics 

(±5V <£ V s 2fc20V; -55°C £ T A <£ +1 25'C unless otherwise noted) 







LM108A/LH2108A 


LM108/LH2108 




Parameters 


Test Conditions 


Min 


Typ 


Max 


Min 


Typ 


Max 


Units 


Input Offset Voltage 






0.4 


1.0 




1.0 


3.0 


mV 


Avg. Input Offset Voltage Drift 2 






1.0 


5.0 




3.0 


15 


|aV/°C 


Input Offset Current 






0.1 


0.4 




0.1 


0.4 


nA 


Avg. Input Offset Current Drift 2 






0.5 


2.5 




0.5 


2.5 


pA/°C 


Input Bias Current 






1.0 


3.0 




1.0 


3.0 


nA 


Large Signal Voltage Gain 


V S = ±15V, 
V OUT = ±10V, 
R|_ > 10 k£2 


40 


200 




25 


200 




V/mV 


Output Voltage Swing 


R L >10kfl 
V S = ±20V 


±16 


±18 




±16 


±18 




V 


Input Voltage Range 


V S = ±15V 


±13.5 






±13.5 






V 


Common Mode Rejection Ratio 


V CM = ±13.5 
V S = ±15V 


96 


110 




85 


100 




dB 


Power Supply Rejection Ratio 


V s = ±5VtO±20V 


96 


110 




80 


96 




dB 


Supply Current 


Each Amplifier 






0.6 






0.6 


mA 



Notes: 

1 . Guaranteed by input bias current specification. 

2. Sample tested 
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LM108A/LH2108A 



required to achieve the LM108A's rated performance. 
It is suggested that board leakage be minimized by 
encircling the input pins with a guard ring maintained 
at a potential close to that of the inputs. The guard 
ring should be driven by a low impedance source such 
as an amplifiers^ output or ground. 



R1 

-Vin o VSAr 



o v 0 




•Bandwidth and slew rate 
are proportional to 1/C F 



N R1 +R2 7 
C L - Load Capacitance 



Standard Compensation Circuit 



Typical Applications 

The LM108 series has very tow input offset and bias 
currents; the user is cautioned that printed circuit 
board leakages can produce significant errors, 
especially at high board temperatures. Careful 
attention to board layout and cleaning procedure is 




o v 0 



Range -±V S (S2\ 



R1 



/ R5 \ 

Galn - 1+ liS7i^ 



65-2652 

Offset Adjustment for non-Inverting Amplifiers 



R2 

I vw 



+v, N vw 




O Vo, 



R2-R3 + R4 



S Range-±V s (R5)(_m\ 

V S * DA ' *CJ4 . DO / 



Gain > 



R2 
R1 



R4' *R1 +R3 ' 



Offset Adjustment for Differential Amplifiers 



R3 



| VW 




O Vqut 



R2 Range «±V S ( 5? ) 
100 V R1 ; 



R1 ' 

65-2650 



R1 



R2 



v, N o — vvv-j— W 




O V 0 , 



"Improves rejection of power supply noise by a factor of 10. 
"Bandwidth and slew rate are proportional to 1/C S . 



Alternate Frequency Compensation 



65-2655 




O V 0 



C1 
500 pF 



Offset Adjustment for Inverting Amplifiers 



Feedforward Compensation 



For More Information, call 1-800-722-7074. 
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LM124/324 

Single-Supply Quad Operational Amplifier 



Description 

Each of the devices in this series consists of four 
independent high-gain operational amplifiers that are 
designed for single-supply operation. Operation from 
split power supplies is also possible and the low 
power supply drain is independent of the magnitude of 
the power supply voltage. 

Used with a dual supply, the circuit will operate over a 
wide range of supply voltages. However, a large 
amount of crossover distortion may occur with loads 
to ground. An external current-sinking resistor to -V s 
will reduce crossover distortion. There is no crossover 
distortion problem in single-supply operation if the 
load is direct-coupled to ground. 



Features 

♦ Large DC voltage gain — 1 00 dB 

♦ Compatible with all forms of logic 

♦ Temperature compensated 

♦ Unity Gain Bandwidth — 1 MHz 

♦ Large output voltage swing — 0V to (+Vs 
-1.5V) 

♦ Input common mode voltage range includes 
ground 



For More Information, call 1-800-722-7074. 
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LM124/324 

Connection Information 



14-Lead Dual In-Llne Package 

(Top View) 




Pin 
Function 

1 Output (A) 
-Input (A) 
+lnput (A) 

+lnput (B) 
-Input (B) 
Output (B) 



65-0418 

Pin 
Function 

8 Output (C) 
-Input (C) 

10 +lnput(C) 

11 Ground 

12 +lnput(D) 

13 -Input (D) 

14 Output (D) 



9 



Ordering Information 







Operating 


Part Number 


Package 


Temperature 






Range 


LM324M 


M 


0°C to +70°C 


LM324N 


N 


0°C to +70°C 


LM124D 


D 


-55°C to +125°C 


LM124D/883B 


D 


-55°C to +125°C 



Notes: 

883 B suffix denotes Mil-Std-883, Level B processing 
N = 14-lead plastic DIP 
D = 14-lead ceramic DIP 
M = 14-lead plastic SOIC 



Absolute Maximum Ratings 

Supply Voltage +32 V or ±16V 

Differential Input Voltage 32V 

Input Voltage -0.3V to +32V 

Output Short Circuit to Ground* 1 * 

(One Amplifier) + V s < 15V and 

T A = +25°C Continuous 

Input Current (V IN < -0.3V)< 2 > 50 mA 

Operating Temperature Range 

LM124 -55°C to +125°C 

LM324 0°C to +70°C 

See Notes on next page. 



Thermal Characteristics 





14-Lead 


14-Lead 


14-Lead 




Small Outline 


Plastic 


Ceramic 






DIP 


DIP 


Max. Junction Temp. 


+125°C 


+125°C 


+175°C 


Max. P D T A <50°C 


300 mW 


468 mW 


1042 mW 


Therm. Res 0 jq 






60°C/W 


Therm. Res. 9j A 


200°C/W 


160°C/W 


120°C/W 


ForT A >50°C Derate at 


5.0 mW/°C 


6.25 mW/°C 


8.38 mW/°C 
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LM124/324 



Electrical Characteristics 

(+V S = +5.0V( 3 ) and T A = +25°C, unless otherwise noted) 



Parameters 


Test Conditions 


LM124 


i 


LM324 


Units 


Mln 


Typ 


Max 


Mln 


TYP 


Max 


Input Offset Voltage 3 






±2.0 


±5.0 




±2.0 


±7.0 


mV 


Input Bias Current 4 






45 


150 




45 


250 


nA 


Input Offset Current 






±3.0 


±30 




±5.0 


±50 


nA 


Input Voltage Range 5 


+V S « +30V 


0 




+V S 
-1.5 


0 




+v s 

-1.5 


V 


Supply Current 
(Over Temperature) 


R L . oo, +v s - 30V 




1.5 


3.0 




1.5 


3.0 


mA 


R|_ *■ oo on all op amps 




0.7 


1.2 




0.7 


1.2 


mA 


Large Signal Voltage Gain 


+V S »15V 

(for large V OUT swing) 
R L >2kQ 




1 uu 






1 uu 




V/mV 


Output Voltage Swing 
V OH 


+V S = +30V, R L = 2kQ 


26 






26 






V 


V 0 H 


R L >10kH 


27 


28 




27 


28 




V 


Vol 


+V S = +5.0V, R L = 10k 


2 


5.0 


20 




5.0 


20 


mV 


Common Mode 
Rejection Ratio 




70 


85 




65 


70 




dB 


Power Supply 
Rejection Ratio 




65 


100 




65 


100 




dB 


Channel Separation 6 


F«1 kHz to 20 kHz 
(input referred) 




-120 






-ids) 




dB 


Output Current 
Source 


V| N+ -1ViV IN ..0V, 

+V S «15V 


20 


40 




20 


40 




mA 


Sink 


V|N--1V.V IN+ -0V. 

+V S »15V 


10 


20 




10 


20 




mA 


V|N--1V,V |N+ -0V, 
V OUT -200 mV 


12 


50 




12 


50 




uA 



Notes: 

1. Short circuits from the output to +V S can cause excessive heating and eventual destruction. The maximum output current is approximately 
40 mA independent of the magnitude of +V S . At values of supply voltage in excess of +V S , continuous short circuits can exceed the power 
dissipation ratings and cause eventual destruction. Destructive dissipation can result from simultaneous shorts on all amplifiers. 

2. This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the 
input PNP transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also 
lateral NPN parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the op amps to go to the +V§ 
voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive and normal 
output states will re-establish when the input voltage again returns to a value greater than -0.3V. 

3. V OUT = 1 .4V, R s » 0Q with +V S from 5V to 30V; and over the full common mode range (0V to +V S -1 .5V). 

4. The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of 
the output so no loading change exists on the input lines. 

5. The input common mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of 
the common mode voltage range is +V S -1.5V, but either or both inputs can go to +32V without damage. 

6. Due to proximity of external components, ensure that coupling is not originating via stray capacitance between these external parts. This 
typically can be detected as this type of capacitance increases at higher frequencies. 



For More Information, call 1-800-722-7074. 
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LM124/324 



Electrical Characteristics 

(+V S = +5.0V), 124 = -55° <; T A S 125°C, 324 = 0°C £ T A £ 70°C unless other wise noted) 



Parameters 


Test Conditions 


LM124 


LM324 


Units 


Min 


TVP 


Max 


Min 




Max 


Short Circuit Current 1 


T A = +25°C 




40 


60 




40 


60 


mA 


Inmit Offcot X/ftHano 2 








±7.0 






±9.0 


mW 
III V 


Input Offset Voltage Drift 


r s - on 




7.0 






7.0 




nv/°c 


Input Offset Current 








±100 






±150 


nA 


Input Offset Current Drift 






10 






10 




pA/°C 


Input Bias Current 3 






40 


300 




40 


500 


nA 


Input Voltage Range 4 


+V S = +30V 


0 




+V S 
-2.0 


0 




+ V S 
-2.0 


V 


Large Signal 
Voltage Gain 


+V S = +15V 

(For Large V OUT Swing) 
R L > 2.0 kfl 


25 






15 






V/mV 


vjuipui vuiiaye owing 


+V S = +30V, R L - 2 kfl 


26 






26 






V 


V 0 H 


Rl> 10 ki2 


27 


28 




27 


28 




V 


Vol 


+V S = +5.0V, R L = 10k£ 


! 


5.0 


20 




5.0 


20 


mV 


Output Current 
Source 


V, N+ = +1.0V,V IN . = 0V, 
+V S = +15V 


10 


20 




10 


20 




mA 


Sink 


V, N _ = +1.0V,V IN+ = 0V, 
+V S = +15V 


5.0 


8.0 




5.0 


8.0 




mA 


Differential Input Voltage 4 
















V 



Notes: 

1. Short circuits from the output to +V S can cause excessive heating and eventual destruction. The maximum output current is approximately 
40 mA independent of the magnitude of +V S . At values of supply voltage in excess of +V S , continuous short circuits can exceed the power 
dissipation ratings and cause eventual destruction. Destructive dissipation can result from simultaneous shorts on all amplifiers. 



2. V OUT = 1 .4V, R s = Oft with +V S from 5V to 30V; and over the full common mode range (0V to +V S -1 .5V). 

3. The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of 
the output so no loading change exists on the input lines. 

4. The input common mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of 
the common mode voltage range is +V S -1 .5V, but either or both inputs can go to +32V without damage. 
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Typical Performance Characteristics 

Follower Small Signal Pulse Response 



500 
450 



400 

E 



350 



300 



250 



1 1 1 — 

T A =+25°C 
_ +V S = +30V 





2 3 4 5 6 7 
Time ( \iS) 



LM124/324 



Output Voltage Swing vs. Frequency 



20 



15 



10 



1K 

















100 


100K 

I W 1 




















O +15V 














































v* o 

+7V 














































































f 















































10K 100K 
F(Hz) 



1M 




For More Information, call 1-800-722-7074. 
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Typical Performance Characteristics (Continued) 
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Schematic Diagram 
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For More Information, call 1-800-722-7074. 
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LM148 



Low Power Quad 741 Operational Amplifier 




Features 

♦ 741 op amp operating characteristics 

♦ Low supply current drain — 0.6 mA/amp!ifier 

♦ Class AB output stage — no crossover 



distortion 

♦ Pin compatible with the LM1 24 

♦ Low input offset voltage — 1 .0 mV 

♦ Low input offset current — 4.0 nA 

♦ Low input bias current — 30 nA 

♦ Unity gain bandwidth — 1 .0 MHz 

♦ Channel Separation — 1 20 dB 

♦ Input and output overload protection 



independently biasing each amplifier and using layout 
techniques which minimize thermal coupling. 

The LM148 can be used anywhere multiple 741 type 
amplifiers are being used and in applications where 
amplifier matching or high packing density is required. 
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LM148 

Connection Information 



14-Lead Dual In-Llne Package 

(Top View) 




Pin 
Function 

1 
2 
3 
4 
5 
6 
7 



Output (A) 
-Input (A) 
+Input (A) 

+lnput (B) 
-Input (B) 
Output (B) 



pi?r 

Function 

8 Output (C) 

9 -Input (C) 

10 +lnput(C) 

11 Ground 

12 +lnput(D) 

13 -Input (D) 

14 Output (D) 



Absolute Maximum Ratings 

Supply Voltage ±22V 

Differential Input Voltage 44V 

Input Voltage 1 ±22V 

Output Short Circuit Duration 2 Indefinite 

Storage Temperature 

Range -65°Cto+150°C 

Operating Temperature Range 

LM148 -55°Cto+125°C 

Lead Soldering Temperature 

(60 sec) +300°C 

Notes: 

1 . For supply voltages less than ±1 5V, the absolute maximum 
input voltage is equal to the supply voltage. 

2. Short circuit to ground on one amplifier only. 



Ordering Information 




Operating 


Part Number Package 


Temperature 




Range 


LM148D D 


-55°Cto+125°C 


LM148D/883B* D 


-55°Cto+125°C 



Notes: 

7883B suffix denotes Mil-Std-883, Level B processing 
D = 14-lead ceramic DIP 



Thermal Characteristics 





14-Lead 




Ceramic 




DIP 


Max. June. Temp. 


+175 # C 


Max. P D T A <50 # C 


1042 mW 


Therm. Res. 8jo 


6CTC/W 


Therm. Res. 8 !A 


120*C/W 


ForT A >50°C 


8.33 mW 


Derate at 


per # C 
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LM148 



Electrical Characteristics 

(V s = ±15V and T A = 25°C, unless otherwise noted) 



Parameters 


Test Conditions 


Mln 


Typ 


Max 


Units 


Input Offset Voltage 


R s £lOkQ 




1.0 


5.0 


mV 


Input Offset Current 






4.0 


25 


nA 


Input Bias Current 






30 


100 


nA 


Input Resistance"! 
(Differential Mode) 




0.8 


2.5 




MQ 


Supply Current 
AH Amplifiers 


V S = ±15V 




2.4 


3.6 


mA 


Large Signal Voltage Gain 


V S = ±15V 

V OUT = ±10V, R L >2k£2 


50 


160 




V/mV 


Channel Separation 


F=1 Hz to 20 kHz 




120 




dB 


Unity Gain Bandwidth 






1.0 




MHz 


Phase Margin 








60 


Degrees 


Slew Rate 








0.5 


V/nS 


Short Circuit Current 






25 




mA 


The followlna specifications aoolv for V e = ±15V. -55°C < T* < + 125°C. 


Input Offset Voltage 


R s <10kQ 






6.0 


mV 


Input Offset Current 








75 


nA 


Input Bias Current 








325 


nA 


Large Signal Voltage Gain 


V S = ±15V,V OUT = 10V25 
Ri <2kQ 








V/mV 


Output Voltage Swing 


V S = ±15V, R L =10ka 


±12 


±13 




V 




R L = 2kfl 


±10 


±12 




V 


Input Voltaqe Ranae 


V S = ±15V 


±12 






V 


Common Mode 
Rejection Ratio 


R s <10k£2 


70 


90 




dB 


Power Supply 
Rejection Ratio 


R s <10kft 


77 


96 




dB 



Note: 

1 . Guaranteed by design but not tested. 



For More Information, call 1-800-722-7074. 
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Typical Performance Characteristics 

Supply Current vs. Supply Voltage 



< 

E 





1 










-55°C-^ 










+25°C _ 











































±5 ±10 ±15 ±20 ±25 ±30 
±V 8 (V) 



< 

c 



Input Bias Current vs. Temperature 




-55 -35 -15 +5 +25 +45 +65 +85 +105+125 
T A (°C) 




Negative Current Limit 

Output Voltage vs. Output Sink Current Output Impedance vs. Frequency 




IsmK(mA) F(Hz) 
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Typical Performance Characteristics (Continued) 

CMRR vs. Frequency 
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LM148 



Open Loop Gain vs. Frequency 
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Gain, Phase vs. Frequency 



Gain, Phase Test Circuit 
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15 
10 

5 
o 
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10 



100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 
10 




^ 100 
> 

-100 



? 100 

\ o 

>-100 



Small Signal Pulse Response 
Input, Output Voltage vs. Time 
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1 1 
Y 8 = ±15V 

r ASS +25°c 
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Large Signal Pulse Response 
Output Voltage vs. Time 
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Typical Performance Characteristics (Continued) 




Inverting Large Signal Pulse Response 
Input, Output Voltage vs. Time 



10 



-10 

10 
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-10 

















1 1 
Z 8 =±15V 
r A = +25°C 
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8. 
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Time ( pS) 



Input Noise Voltage, Current Densities vs. Frequency 



160 
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TT 

I — v 8 = 



40 
20 



±15V 
+25°C 



s eo_^ !:: 



100 



100 



1K 



F(Hz) 



10K 
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Typical Performance Characteristics (Continued) 




Typical Simulation 




2.41 pF 




C C V 0 
46.96 « .v 8 



20.226 mA 



Pot « 112 
P02 -14 
U-8X10- 16 



65-1164 



Figure 1 . LM148 Macromodel for Computer Simulation 
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Typical Applications 

The LM148 low power quad operational amplifier 
exhibits performance comparable to the popular 741. 
Substitution can therefore be made with no change in 
circuit behavior. 

The input characteristics of these devices allow 
differential voltages which exceed the supplies. 
Output phase will be correct as long as one of the 
inputs are within the operating common mode range. 
If both exceed the negative limit, the output will latch 
positive. Current limiting resistors should be used on 
the inputs in case voltages become excessive. 

When capacitive loading becomes much greater than 
100pF, a resistor should be placed between the 
output and feedback connection in order to reduce 
phase shift. 



The 148 is short circuit protected to ground or the 
supplies continuously when only one of the tour 
amplifiers is shorted. If multiple shorts occur 
simultaneously, the unit can be destroyed due to 
excessive power dissipation. 

To assure stability and to minimize pickup, feedback 
resistors should be placed close to the input to 
maximize the feedback pole frequency (a function of 
input to ground capacitance). A good rule of thumb is 
that the feedback pole frequency should be 6 times 
the operating -3.0B frequency. If less, a lead capacitor 
should be placed between the output and input. 




2jiR1C1 



k R4R5 / j_ . _L +_L\ 
R3 VRds R4 R5j 



R7 




6 I - 

^OUT — L- 



65-1139 



Rqs = 



F MAX « 5.0 kHz, THD£ 0.03% 

R1 ~ 100K pot., C1 - 0.0047JIF, C2 - 0.01 U-F, C3 - 0.1 U.F, R2-R6-R7- 1M, R3- 5. IK, R4 - 12fl. 
R5 - 240ft, Q1 - NS5102, D1 « 1N914, D2 - 3.6V avalanche diode (ex. LM103), V s - ±15V 
A simpler version with some distortion degradation at high frequencies can be made by using A1 
as a simple inverting amplifier, and by putting back to back zeners in feedback loop of A3. 



Figure 2. One Decade Low Distortion Sinewave Generator 
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Typical Applications (Continued) 




V s » ±15V 

R = R2, trim R2 to boost CMRR 65- 11 40 



Figure 3. Low Cost Instrumentation Amplifier 




Figure 4. Low Voltage Peak Detector With Bias Current Compensation 



For More Information, call 1-800-722-7074. 
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LM148 

Typical Applications (Continued) 



V,n R3 

O— AMr 




Tune Q through RO 
for predictable results: F 0 Q ^ 4 x1 0 4 
Use bandpass output to tune for Q 



V(s) 
V, N (s) 



N HP( s, = S 2 Hohp, Nbp (S) - ' Sc °Q H QBP Nlp = ^ H OLP 



p 1 /R6 n t1 R1C1Q f l+R4|R3 + R4|R0\ f Rj JlV' 



R5 

F « 1 ( R « 

'NOTCH = - — I ~ 



\l/2 

i) ' H ° 



1 + R6 1 R5 



2k \ R|_t1 X2j " 0HP 

1 + R5 | R6 
1 +R3|R0 + R3|R4 



1 +R3|R0 + R3|R4 



1 +R4lR3 + R4|R0 
1 + R3 1 RO + R3 | R4 



Figure 5. Universal State-Space Filter 



65-1160 



yj 150K 

V|N 0- VNAr 



4.556K* 



0.001 |iF 



39.4K* 




100K 

-AMr 



-QVoun 



-QVoura 



Use general equations, and tune each section separately. 
Qist Section = 0.541, Q2nd Section * 1.306. 
The response should have 0 dB peaking. 

Figure 6. 1 kHz 4-Pole Butterworth Filter 
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Typical Applications (Continued) 



v w(S)0 




/!§ f JL /!? ( c i_ / R6 

V R7 VR3C2R2C1/ ° = 2jcV R7 Wr 2 R3C1C2/ N ° TCH " 2k/r3R5R7C1C2 



1 R1 

Necessary condition for notch : -~ = 7 
Ro R4R7 



Examples: F N0TCH = 3 kHz, Q = 5, R1 = 270K, R2 = R3 = 20K. R4 = 27K, R5 - 20K, R6 = R8 « 1 0K, R7 . 1 00K . 
C1 = C2 = 0.001 pF. 

Better noise performance than the state-space approach. 65-1 1 e 

Figure 7. 3 Amplifier Bi-Quad Notch Filter 



Gain vs Frequency 



1 O— VW 




R'f 
100K 



F c « 1 kHz, F s - 2 kHz, Fp - 0.543. F z * 2.14, Q - 0.841, P P « 0.987, F z - 4.92. 
Q' « 4.403 normalized to ripple BW. 



_1 /R6 
2*/ R5 

RhRl 



\TJ' Fz 'Tit / r l \T/ ' TTrsTf 



R4/R0 /R6 
R6/R5 X V R5 * 



fSl 1 + RWR'O 

R'5 X 1+R'6/R , 5 + R'6^p 



Rh +R L 



Use the BP outputs to tune Q, Q\ tune the 2 sections separately. 

Rl - R2 « 92.6K. R3 - R4 « R5 = 100K, R6 - 10K, RO « 107.8K, R L - 100K, Rh « 155.1K, 

R'1 « R*2 - 50.9K, R*4 - R5 = 100K, R'6 - 10K, R'O « 5.78K, R' L - 100K, R' H - 248.12K, R' F . 100K. 

All capacitors are 0.001 |iF. 

Figure 8. 4th Order 1 kHz Elliptic Filter (4 Poles, 4 Zeros) 
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Schematic Diagram (1/4 Shown) 




65-1136 
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OP- 07 

Precision Operational Amplifier 



Description 

The OP-07 operational amplifier is designed for 
precision low-level signal conditioning where ultra low 
V 0 s and TCVqs are required along with very low 
bias currents. Internal compensation eliminates the 
need for external components. Novel circuit design 
and tight process controls are used to obtain very low 
values of V 0 $ which is further reduced by computer 
controlled digital nulling techniques at test. Low 
frequency noise is minimized. Internal biasing 
techniques reduce external bias and offset currents to 
values on the order of ±1 nA over the military 
temperature range. The OP-07 is a direct 
replacement for the 108A. The OP-07 can also 
replace chopper stabilized amplifiers in many 
applications. 



Features 

♦ Low noise - 0.35 ^V p „ p (0.1 Hz to 1 0 Hz) 

♦ Ultra low V os - 10 

♦ Ultra low V os drift- 0.2 jiVfC 

♦ Long term stability — 0.2 nV/Mo 

♦ Low Input bias current — ±1 nA 

♦ HighCMRR-120dBmin 

♦ Wide input voltage range — ±14V 

♦ Wide supply voltage range — ±3V to ±22V 

♦ Fits 1 08A and 741 sockets 



For More Information, call 1-800-722-7074. 
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Ordering Information 



Part Number Package 


V/JJwl dill IVJ 

i ci i ipci aiui c 

Range 


UP-07ON 


N 


U 1/ lis x/v v/ 


Or-U/DN 


N 


o*n to 4.70*n 

v v IU X/V V/ 


Ur-07cN 


N 


v vlU X/v V/ 


OP-07CM 


M 


V v IU t/v V 


Ur-U/UM 


M 




OP-07EM 


M 


U v W t/U v 


op-on 


T 


^yCto+125'C 


OP-07T/883B 


T 


-55*0 to +125*0 


OP-07AT 


T 


-55*0 to +125*0 


OP-07AT/883B 


T 


-55*c to +125*0 


OP-07D 


D 


-55*0 to +125*0 


OP-07D/883B 


D 


-55*0 to +125*0 


OP-07AD 


D 


-55*0 to +125*0 


OP-07AD/883B 


D 


-55*0 to +125*0 



Notes: 

/883B suffix denotes Mil-Std-883, 
N = 8-lead plastic DIP 
T = 8-lead metal can (TO-99) 
M = 8-lead plastic SOIC 



Level B processing 



Connection Information 



8-Lead 
TO-99 Metal Can 

(Top View) 




E 
d 
H 
E 



8-Lead Plastic 
Dual In-Llne SO-8 
(Top View) 

2 



3 
H 

a 



8-Laad 
Dual In-Llne Package 

(Top View) 




Pin 


Function 


1 


V 0S Trim 


2 


-Input 


3 


+lnput 


4 


-V s (Case) 


5 


NO 


6 


Output 


7 




8 


V 0S Trim 
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Absolute Maximum Ratings 



Supply Voltage J22V 

Input Voltage^ ±22V 

Differential Input Voltage 30V 

Internal Power Dissipation 2 500 mW 

Output Short Circuit Duration Indefinite 

Storage Temperature 

Range -65'Cto+150*C 

Operating Temperature Range 

OP-07A -55 # Cto+125'C 

OP-07E/C/D ^Cto+BS'C 

Lead Soldering Temperature 

SO-8(10sec) +260°C 

TO-99, DIP (60 sec) +30CTC 



Notes: 

1 . For supply voltages less than ±22 V, the absolute maximum 
input voltage is equal to the supply voltage. 

2. Observe package thermal characteristics. 



Thermal Characteristics 





8- Lead 
Ceramic DIP 


8-Lead 
TO-99 
Metal Can 


8-Lead 
Plastic 
SO 


8-Lead 
Plastic DIP 


Max. Junction Temp. 


+175°C 


+175*C 


+125°C 


+125°C 


Max. P D T A <50°C 


833 mW 


658 mW 


300 mW 


468 mW 


Therm. Res 0jq 


45'C/W 


50°C/W 






Therm. Res. 0j A 


150°C/W 


190°C/W 


240°C/W 


160'C/W 


For T A >50*C Derate at 


8.33 mW/°C 


5.26 mW/'C 


4.17mW/°C 


6.25 mW/°C 



For More Information, call 1-800-722-7074. 
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Electrical Characteristics 

(V s a ±15V and T A = +25 # C unless otherwise noted) 







OP-07A 


OP-07 




Parameters 


Test Conditions 


Min 


Typ 


Max 


Mln 


Typ 


Max 


Units 


In nut OffQPt X/nltflrip^ 






10 


25 




30 


75 


nV 


1 nnn Tprm \A-vr% Stahilrh/3»4 
i_uny i ci in vqc oiauiiiiy 






0.2 


1 0 

1 .V 




0.2 


1 0 

1 .V 


nV/Mn 

JJ.V/IVIVS 


inpui vjussi uurrem 






0.3 


2.0 




0.4 


2.8 


nA 


input Diao vsuuciii 






4f) 7 

J-XJ. 1 






+1 0 
XI .u 


+1 0 


nA 


Input Noise Voltage^ 


f\ 4 LI-» in 4 A U-m 

U.l HZ 10 lU HZ 




0.35 


0.6 




0.35 


0.6 


HV p .p 




F o = 10Hz 




10.3 


18 




10.3 


18 




InDut Noise Voltaae Densitv^ 


Frk = 100 Hz 




10 


13 




10 


13 


nV 




F_ _ 1000 Hz 




9.0 


4 4 

1 1 




Q A 


1 1 


Vfiz 


. ^ , 

Input Noise Current* 


0.1 Hz to 10 Hz 




14 


30 




14 


35 


pVp 




C 4 A Ut 

Tq = I U HZ 




n 19 


n an 




0 19 


n an 




Input Noise Current Density* 


Pq = 100 HZ 




0.14 


0.23 




0.14 


0.23 


_pA_ 




F o = 1000 Hz 




0.12 


0.17 




0.12 


0.17 


VHz" 


Input Resistance (Diff. Mode) 3 




30 


80 




20 


60 




Ma 


Input Resistance (Com. Mode) 






200 






200 




GQ 


Input Voltage Range 




±13 


±14 




±13 


±14 




V 


Common Mode Rejection Ratio 


V CM = ±13V 


110 


126 




110 


126 




dB 


Power Supply Rejection Ratio 


V s = ±3VtO±18V 


100 


110 




100 


110 




dB 


Large Signal Voltage Gain 


R L >2kU 

v^m it = +1 nv 

v OUT — ,uv 


300 


500 




200 


CAA 

500 




V/mV 


1 amp Sifinal Voftarift Rain 3 




150 


500 




150 


500 




V/mV 




R L ^10kU 


±12.5 


±13 




±12.5 


±13 






Oiitnirt VnltariP Swinn 
wuipui vuiiayc owuiy 


Ri > 5 kO 


±12 


±12.8 




±12 


±12.8 




v 




R L >1 kI2, 


±10.5 


±12 




±10.5 


±12 






Slew Rate 


R L >2kft 


0.1 


0.3 




0.1 


0.3 




V/nS 


Unity Gain Bandwidth 


A VOL = +1.0 




0.8 






0.8 




MHz 


Open Loop Output Resistance 


V OUT = 0. "OUT^O 




60 






60 




a 


Power Consumption 


V S = ±15V 




75 


120 




75 


120 


mW 




V S = ±3V 




4.0 


6.0 




4.0 


6.0 




Offset Adjustment Range 


R TRIM = 20W2 




±4.0 






±4.0 




mV 



Notes: 

1 . Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of power. OP-07A is tested 
fully warmed up. 

2. This parameter is tested on a sample basis only. 

3. Guaranteed but not tested. 

4. Long Term Input Offset Voltage Stability refers to the average trend line of V os vs. Time over extended periods after the first 30 days of operation. 
Excluding the initial hour of operation, changes in V os during the first 30 operating days are typically 2.54 uV. 
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Electrical Characteristics 

(V s = ±15V and T A = +25 # C unless otherwise noted) 



Parameters 


Test Conditions 


OP-07E 


OP-07< 




OP-07D 


Units 


Min 


Tvd 


Max 


Min 


Tvd 


Max 


Min 


Tvd 


Max 


Input Offset Voltage 1 






ou 


/O 




ou 


150 




OU 


IOU 


nv 


Long Term Input _ . 
Offset Voltage Stability 3 - 4 






0.3 


1.5 




0.4 


2.0 




0.5 


3.0 


MV/Mo 


Input Offset Current 






0.5 


3.8 




0.8 


6.0 




0.8 


6.0 


nA 


Input Bias Current 






±1.2 


±4.0 




±1.8 


±7.0 




±2.0 


±12 


nA 


Input Noise Voltage 2 


0.1 Hz to 10 Hz 




0.35 


0.6 




0.38 


0.65 




0.38 


0.65 


p-p 


Input Noise Voltage 
Density 2 


F 0 =10 Hz 




10.3 


18 




10.5 


20 




10.5 


20 

CM 


nV 
Vfiz 


Fq = 100 Hz 




10 


13 




10.2 


13.5 




10.2 


13.5 


F 0 =1000 Hz 




9.6 


11 




9.8 


11.5 




9.8 


11.5 


Input Noise Current 2 


0.1 Hz to 10 Hz 




14 


30 




15 


35 




15 


35 


pAp.p 


Input Noise Current 
Density 2 


F 0 =10 Hz 




0.32 


0.8 




0.35 


0.9 




0.35 


0.9 


dA 

VHz 


F~ - 100 Hz 




0.14 


0.23 




0.15 


0.27 




0.15 


0.27 


F 0 =1000 Hz 




U. l£ 


0 17 
U.I / 




r\ iq 

U. 10 


0.18 




U. 10 


u. lo 


Input Resistance 
(Differential Mode) 3 




15 


50 




8.0 


335 




7.0 


31 




mq 


Input Resistance 
(Common Mode) 






160 






120 






120 




GQ 


Input Voltage Range 




±13 


±14 




±13 


±14 




±13 


±14 




V 


Common Mode 
Rejection Ratio 


V C M = ±13V 


106 


123 




100 


120 




94 


110 




dB 


Power Supply 
Rejection Ratio 


V s = ±3Vto±18V 


94 


107 




90 


104 




90 


104 




dB 


Large Signal Voltage Gain 


R L >2kU 
V OUT = ±10V 


200 


500 




1200 


400 




120 


400 




V/mV 


Large Signal Voltage Gain^ 


H\_ > DUO KLlt VQUT 




















V/mV 


= ±0.5V,V S = ±3V 


1 CA 
IOU 


ouu 




lUO 


Af\f\ 

4UU 






4UU 




Output Voltage Swing 


RL>10kO 


±12.5 


±13 




±12 


±13 




±12 


±13 




V 


Rl>2 k& 


±12 


±12.8 




±11.5 


±12.8 




±11.5 


±12.8 




R L >1 kQ 


±10.5 


±12 




±12 












Slew Rate 


Rj >2kQ 


0.1 


0.3 




0.1 


0.3 




0.1 


0.3 




V/uJS 


Unity Gain Bandwidth 


A VCL = +1.0 


0.8 






0.8 






0.8 






MHz 


Open Loop Output 
Resistance 


v OUT-°.k)UT-0 




60 






60 






60 




a 


Power Consumption 


V S = ±15V, R L = oo 




75 


120 




80 


150 




80 


150 


mW 


V s = ±3V,R L = oo 




4.0 


6.0 




4.0 


8.0 




4.0 


8.0 


Offset Adjustment Range 


R TRIM = 20kQ 




±4.0 






±4.0 






±4.0 




mV 
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Electrical Characteristics (V s = ±15V, -55'C £ T A £f 125*C unless otherwise noted) 







OP-07A 


OP-07B 




Parameters 


Test Conditions 


Mln 


Typ 


Max 


Mln 


Typ 


Max 


Units 


Input Offset Voltage 






25 


60 




60 


200 


nv 


Average Input Offset Voltage 
Drift without External Trinr 






0.2 


0.6 




0.3 


1.3 


*iV/°C 


With External Trim 3 


Rjrim = 20 kQ 




0.2 


0.6 




0.3 


1.3 




Input Offset Current 






0.8 


4.0 




1.2 


5.6 


nA 


Average Input Offset 
Current Drift 2 






5.0 


25 




8.0 


50 


pA/°C 


Input Bias Current 






±1.0 


±4.0 




12.0 


±6.0 


nA 


Average Input Bias 
Current Drift 2 






8.0 


25 




13 


50 


pA/°C 


Input Voltage Range 




±13 


±13.5 




±13 


±13.5 




V 


Common Mode Rejection Ratio 


V CM =±13V 


106 


123 




106 


123 




dB 


Power Supply Rejection Ratio 


V s = ±3Vto±18V 


94 


106 




94 


106 




dB 


Large Signal Voltage Gain 


R L £2kQ 
V OUT = ±10V 


200 


400 




150 


400 




V/mV 


Output Voltage 


R L £2ka 


±12 


±12.6 




±12 


±12.6 




V 



Electrical Characteristics (V s = ±15V, 0°C <> T A £ +70°C unless otherwise noted) 







OP-07E 


OP-07C 


OP-07D 




Parameters 


Test Conditions 


Mln 


Typ 


Max 


Min 


Typ 


Max 


Min 


Typ 


Max 


Units 


Input Offset Voltage 1 






45 


130 




85 


250 




85 


250 


nv 


Average Input Offset Voltage 
Drift without External Trim 






0.3 


1.3 




0.5 


1.8 




0.7 


2.5 


nv/°c 


With External Trim 3 


R TR|M = 20kO 




0.3 


1.3 




0.4 


1.6 




0.7 


2.5 




Input Offset Current 






0.9 


5.3 




1.6 


8.0 




1.6 


8.0 


nA 


Average Input Offset 
Current Drift 2 






8.0 


35 




12 


50 




12 


50 


pA/°C 


Input Bias Current 






±1.5 


±5.5 




i2.2 


±9.0 




13.0 


±14 


nA 


Average Input Bias 
Current Drift 2 






13 


35 




18 


50 




18 


50 


pA/°C 


Input Voltage Range 




±13 


±13.5 




±13 


±13.5 




±13 


±13.5 




V 


Common Mode Rejection 
Ratio 


V CM «±13V 


103 


123 




97 


120 




94 


106 




dB 


Power Supply Rejection 
Ratio 


V s = ±3Vto±18V 


90 


104 




86 


100 




86 


100 




dB 


Large Signal Voltage Gain 


R L >2kQ 
V OUT -±10V 


180 


450 




100 


400 




100 


400 




V/mV 


Output Voltage Swing 


R L £2kQ 


±12 


±12.6 




±11 


±12.6 




±11 


±12.6 




V 



Notes: 1 . Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds 
after application of power. 



2. This parameter is tested on a sample basis only. 

3. Guaranteed but not tested. 
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Digital Nulling Technique 

The digital nulling technique involves the Zener diode 
nulling network of Figure 1 . The zener diodes have 
relatively high breakdown voltages and never operate 
in the Zener mode. The purpose of the Zeners is to 
short out resistors R1 , 2R1 , 4R1 , or 8R1 by forcing a 
high reverse current through the diode to metalize the 
junction. The input offset voltage can be adjusted by 
varying the collector resistor ratio. If the difference in 
the two collector resistors (R c ) is a small increment 
ARq. Vqs can be written as: 

Vos = V T ln 



Rc 



OP- 07 

R c 

For Figure 1 , R2 + R3 » 8R1 , thus 

v os~~ v t bri^rs * 7 - 6 ^ < B0 = 1 > 

Or: 

R1 

V OS* V T p2 + R3 < 1+B 3 B 2*l) (W-Q) 



Where B 3 B 2 B 1 is a binary number which corresponds 
to the state of zener diodes Z1 , Z2 and Z3 per Figure 
1. 



for ARq/Rq « 1 .0 ln(1+ARQ/R c ) ~ ARq/Rq, thus: 




AV 0S (25°C) 



-2.6 mV (7 - B3B2BO R1 
8R1 + R2 + R3 



(Bo-1) 



B n = 1 for Zn unshorted 
B n = 0 for Z n shorted 

BaBgBi = Binary number with values from 0 to 7 



AV 0S (25°C) 



2.6 mV (1 + BaBgBQ R1 
R2 + R3 



(B o = 0) 



Figure 1. Digital Nulling Network 



For More Information, call 1-800-722-7074. 
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Typical Performance Characteristics 





3-490 



Raytheon Semiconductor 



For More Information, call 1-800-722-7074. 



OP- 07 



Typical Performance Characteristics 





For More Information, call 1-800-722-7074. 



Raytheon Semiconductor 



3-491 



OP- 07 

Typical Performance Characteristics 



1000 



E 



100 




+V s to-V 8 (V) 



Output Short Circuit Current vs. Time 
35j 1 1 1 r 1 1 r- 



1. V| N (Pin3)=-10mV,VouT =+15V 

2. V| N (Pin 3) = +10mV, Vqut =-15V 




Typical Applications 




Note: Pin numbers shown are for 8-lead packages. 

65-3216 

High Stability Thermocouple Amplifier Precision Absolute Value Circuit 
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Schematic Diagram 




Notes: 

1 . R2A and R2B are electronically adjusted during factory test for minium Vbs. 

2. Pin numbers shown are for 8-lead packages. 



For More Information, call 1-800-722-7074. 
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OP-27 

Low Noise Operational Amplifier 



Description 

The OP-27 is designed for instrumentation grade 
signal conditioning where low noise (both spectral 
density and burst), wide bandwidth, and high slew rate 
are required along with low input offset voltage, low 
input offset temperature coefficient and low input bias 
currents. These features are all available in a device 
which is internally compensated for excellent phase 
margin (70*) in a unity gain configuration. 

Digital nulling techniques performed at wafer sort 
make it feasible to guarantee temperature stable input 
offset voltages as low as 25 jxV. Input bias current 
cancellation techniques are used to obtain 10 nA input 
bias currents. 

The OP-27 design uniquely addresses the needs of 
the instrumentation designer. Power supply rejection 
and common mode rejection are both in excess of 120 
dB. A phase margin of 70' at unity gain guards 
against peaking (and ringing) in low gain feedback 
circuits. Stable operation can be obtained with 
capacitive loads up to 2000 pp. Input offset voltage 
can be externally trimmed without affecting input offset 
voltage drift with temperature or time. The drift 
performance is, in fact, so good that the system 
designer must be cautioned that stray thermoelectric 
voltages generated by dissimilar metal at the contacts 
to the input terminals are enough to degrade its 
performance. For this reason it is also important to 
keep both input terminals at the same relative 
temperature. 



The OP-27 is available in SO-8 (small-outline), TO-99 
can, plastic mini-DIP and ceramic mini-DIP packages, 
and can be ordered with Mil-Std-883 Level B 
processing. 

*By decoupling the load capacitance with a series resistor of 50Q 
or more, load capacitances larger than 2000 pF can be 
accommodated. 

Features 

♦ Very low noise 

Spectral noise density — 3.0 nV/VHz 
1/F noise corner frequency — 2.7 Hz 

♦ Very low V os drift 
0.2 nV/Mo 

0.2 jiV/°C 

♦ High gain — 1800 V/mV 

♦ High output drive capability — ±12V into 
600ft load 

♦ High slew rate —2.8 V/jiS 

♦ Wide gain bandwidth product — 8 MHz 

♦ Good CMRR — 126 dB 

♦ LowV os — 10^iV 

♦ Low noise — 0.08 pV^O.I Hz to 10 Hz) 

♦ Low input bias current — ±1 0 nA 



For More Information, call 1-800-722-7074. 
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Connection Information 



8-Lead 
TO-99 Metal Can 
(Top View) 




8-Lead Plastic 
Dual In-Line SO-8 
(Top View) 



E 
E 
U 



8-Lead 
Dual In-Line Package 

(Top View) 



E 



E- 
E 



a 

u 



n 
u 
n 
n 



Pin 


Function 


1 


V 0S Trim 


2 


-Input 


3 


+lnput 


4 


■v 8 


5 


NC 


6 


Output 


7 




8 


VosTrim 



Ordering Information 



Part Number 


Package 


Oneratina 

XfmJKri Hill l\4 

Temperature 
Range 


OP-27EN 


N 


0 # C to +70 # C 

W w IV/ I # V \s 


OP-27FN 


N 


0*C to +70'C 


OP-27GN 


N 


0*C to +70*C 


OP-27EM 


M 


O'C to +70'C 

w w IV/ Iff W \S 


OP-27FM 


M 


G'C to +70 # C 

V >/ VV/ Iff W w 


OP-27GM 


M 


0*C to +70*C 

w V/ IV/ Iff V V 


OP-27AD 


D 


-55 0 Cto+125 # C 


OP-27AD/883 


D 


-55 # Cto+125 # C 


OP-27BD 


D 


-55*Cto+125'C 


OP-27BD/883 


D 


-ss'cto+^s'c 


OP-27CD 


D 


-55*Cto+125*C 


OP-27CD/883 


D 


-ss'cto+^s'c 


OP-27AT 


T 


-55 # Cto+125 # C 


OP-27AT/883 


T 


-ss'Cto+^c 


OP-27BT 


T 


-55'Cto+125 # C 


OP-27BT/883 


T 


-55'Cto+125 # C 


OP-27CT 


T 


-SS'Cto+^C 


OP-27CT/883 


T 


-55'Cto+125'C 



Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 

N = 8-lead plastic DIP 

0 = 8-lead ceramic DIP 

T = 8-lead metal can (TO-99) 

M = 8-lead plastic SOIC 
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Absolute Maximum Ratings 



Supply Voltage i22V 

Input Voltagei ±22V 

Differential Input Voltage 0.7V 

Internal Power Dissipations 658 mW 

Output Short Circuit Duration Indefinite 

Storage Temperature 

Range -65'Cto +150'C 

Operating Temperature Range 

OP-27A/B/C -5fTCto+125'C 

OP-27E/F/G 0'Cto+70 # C 

Lead Soldering Temperature 

(SO-8, 10 sec) +260*C 

(DIP.TO-99; 60 sec) +300 # C 



Notes: 

1 . For supply voltages less than 422V, the absolute maximum 
input voltage is equal to the supply voltage. 

2. Observe package thermal characteristics. 



Thermal Characteristics 





8-Lead 


8-Lead 


8-Lead 


8-Lead 




Small 


Ceramic 


TO-99 


Plastic 




Outline 


DIP 


Metal Can 


DIP 


Max. Junction Temp. 


+125*C 


+175'C 


+175 # C 


+125'C 


Max. P D T A <50*C 


300 mW 


833 mW 


658 mW 


468 mW 


Therm. Res 9jq 




45 # C/W 


50 # C/W 




Therm. Res. 9 j A 


240°C/W 


150 # C/W 


190°C/W 


160'C/W 


For T A >50°C Derate at 


4.17 mwrc 


8.33 mW/'C 


5.26 mW/'C 


6.25 mW/'C 



For More Information, call 1-800-722-7074. 
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Electrical Characteristics 

(V s = ±15V and T A = +25*C unless otherwise noted) 



Parameters 




o 


P-27A/E 


OP-27B/F 


OP-27C/G 


Units 


Test Conditions 


Min 


Typ 


Max 


Min 


Typ 


Max 


Min 


Typ 


Max 


Input Offset Voltage 5 






10 


25 




20 


60 




30 


100 


nv 


Long Term Input Offset 
Voltage Stability 1 * 4 






0.2 


1.0 




0.3 


1.5 




0.4 


2.0 


|iV/Mo 


Input Offset Current 






7.0 


35 




9.0 


50 




12 


75 


nA 


Input Bias Current 






±10 


±40 




±12 


±55 




±15 


±80 


nA 


Input Noise Voltage 2 


0.1 Hz to 10 Hz 




0.08 


0.18 




0.08 


0.18 




0.09 


0.25 


nV p 


Input Noise Voltage 

npirsitv^ 

L/C! loiiy 


F o =10Hz 




3.5 


5.5 




3.5 


5.5 




3.8 


8.0 


nV 


F o = 30Hz 




3.1 


4.5 




3.1 


4.5 




3.3 


5.6 


F« - 1 000 Hz 




3.0 


3.8 




3.0 


3.8 




3.2 


4.5 


Input Noise Current 
Density* 


Fq = 1 0 Hz 




1.7 


4.0 




1.7 


4.0 




1.7 




pA 

VRz 


F o = 30 Hz 




1 0 


c.o 




1 0 


£.0 




1 0 




F o = 1000 Hz 




0.4 


0.6 




0.4 


0.6 




0.4 


0.6 


Input Resistance 
(Diff. Mode) 4 




1.5 


6.0 




1.2 


5.0 




0.8 


4.0 




MQ 


Input Resistance 
(Com. Mode) 






o.u 












9 O 




GQ 


Input Voltage Ranged 




±11 


±12.3 




±11 


±12.3 




±11 


!:12.3 




V 


Common Mode 
Rejection Ratio 


v rM =±nv 


114 


126 




106 


123 




100 


120 




dB 


Power Supply 
Rejection Ratio 


V s ±4VtO±18V 


100 


120 




100 


120 




94 


118 




dB 


Large Signal Voltage Gain 


R L ^2kav OUT =±iov 


1000 


1800 




1000 


1800 




700 


1500 




V/mV 


R L *n<av OUT =±iov 


800 


1500 




800 


1500 






1500 




V 0UT = ±1V,V S = ±4V 


250 


700 




250 


700 




200 


500 




Output Voltage Swing 


R L 2>2kQ 


±12 


±13.8 




±12 


±13.8 




±11.5 


1:13.5 




V 


R L ^600Q 


±11 


±12 




±11 


±12 




±11 


±12 




Slew Rate 4 


R L ^2ka 


1.7 


2.8 




1.7 


2.8 




1.7 


2.8 




V/uJS 


Gain Bandwidth Product 4 




5.0 


8.0 




5.0 


8.0 




5.0 


8.0 




MHz 


Open Loop Output 
Resistance 


v OUT = 0,l O UT = () 




70 






70 






70 




Q 


Power Consumption 






90 


140 




90 


140 


100 


170 


mW 




Offset Adjustment Range 


R TRIM = 10kQ 




±4.0 






±4.0 






±4.0 




mV 



Notes: 

1 . Long Term Input Offset Voltage Stability refers to the average trend line of V os vs. Time over extended periods after the first 30 days of operation. 
Excluding the initial hour of operation, changes in V os during the first 30 operating days are typically 2.5 uV. 

2. This parameter is tested on a sample basis only. 

3. Caution: The Common Mode Input Range is a function of supply voltage. See Typical Performance Curves. Also, the input protection diodes do not allow 
the device to be removed or inserted into the circuit without first removing power. 

4. Parameter is guaranteed but not tested. 

5. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of power. 
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Electrical Characteristics 

(V s = ±15V, -55*C sT A s +125*C unless otherwise noted) 



Parameters 


Test Conditions 


OP-27A 


OP-27B 


OP-27C 


Units 


Min 


Typ 


Max 


Mln 


Typ 


Max 


Mln 


Typ 


Max 


Input Offset Voltage 1 






30 


60 




50 


200 




70 


300 


uV 


At/arariA Inrviit ^Mfeaf 
MVolayo IlipUl WHSel 

Voltage Drift 2 






0.2 


0.6 




0.3 


1.3 




0.4 


1.8 


u,V/*C 


Input Offset Current 






15 


50 




22 


85 




30 


135 


nA 


Input Bias Current 






±20 


±60 




±28 


±95 




±35 


±150 


nA 


Input Voltage Range 




±10.3 


±11.5 




±10.3 


±11.5 




±10.2 


±11.5 




V 


Common Mode 
Rejection Ratio 


V CM «±10V 


108 


122 




100 


119 




94 


116 




dB 


Power Supply 
Rejection Ratio 


V s « ±4.5Vto±18V 


96 


116 




94 


114 




86 


110 




dB 


Large Signal Voltage Gain 


R L 2>2kn,V OUT «±1( 


V600 


1200 




500 


1000 




300 


800 




V/mV 


Output Voltage Swing 


R L 2£kfl 


±11.5 


±13.5 




±11 


±13.2 




±10.5 


±13 




V 



Electrical Characteristics 

(V s = ±15V, 0°C £T A £ +70*C for plastic package unless otherwise noted) 



Parameters 


Test Conditions 


OP-27E 


OP-27F 


OP-27G 


Units 


Min 


Typ 


Max 


Min 


Typ 


Max 


Min 


Typ 


Max 


Input Offset Voltage 1 






20 


50 




40 


140 




55 


220 


uV 


Average Input Offset 
Voltage Drift 2 






0.2 


0.6 




0.3 


1.3 




0.4 


1.8 


\iWC 


Input Offset Current 






10 


50 




14 


85 




20 


135 


nA 


Input Bias Current 






±14 


±60 




±18 


±95 




±25 


±150 


nA 


Input Voltage Range 




±10.5 


±11.8 




±10.5 


±11.8 




±10.5 


±11.8 




V 


Common Mode 
Rejection Ratio 


V CM .±10V 


110 


124 




102 


121 




96 


118 




dB 


Power Supply 
Rejection Ratio 


V s -±4.5Vto±18V 


97 


118 




96 


116 




90 


114 




dB 


Large Signal Voltage Gain 


R L 2>2kQ,V OUT -±10V 


750 


1500 




700 


1300 




450 


1000 




V/mV 


Output Voltage Swing 


R L 2>2kfl 


±11.7 


±13.6 




±11.4 


±13.5 




±11 


±13.3 




V 



Notes: 

1 . Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of power. 

2. T c V os performance is guaranteed untrimmed or when trimmed with Rjrim = 8.0 kQ to 20 kft 



For More Information, call 1-800-722-7074. 
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Typical Performance Characteristics 




Notes: 



1 . Peak-to-peak noise measured in a 10-second interval. 

2. The device under test should be warmed up for 3 minutes and shielded from air currents . 

3. Voltage gain » 50,000. 65-0003A 



0.1 Hz to 10 Hz Noise Test Circuit 



0.1 Hz to 10 Hz Noise Gain vs. Frequency 



Open Loop Gain vs. Frequency 



100 
90 
80 
70 
60 
50 
40 

30 




Test Time of 10 Sec Further 
" Limits Low Frequency (<0.1 Hz) 
Gain 



0.01 



1.0 
F(Hz) 




ffi 

75 




10 100 1K 10K 100K 1M 10M 100M 
F(Hz) 



CD 



Gain, Phase Shift vs. Frequency 




Slew Rate, Gain Bandwidth Product, 
Phase Margin vs. Temperature 
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Typical Performance Characteristics (Continued) 

Supply Current vs. Total Supply Voltage 




15 25 35 

+V s to-V 8 (V) 



Maximum Output Swing vs. Load Resistance 
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14 
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5 

£ 6 

2 
-2 



0.1 



I I 














I I 
















±15 V 
+25 °C 














_ , — + 




r 




























* 






























\ 



















































































































































































































































1.0 
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10 



Short Circuit Current vs. Time 



Open Loop Gain vs. Supply Voltage 
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2.0 
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0.5 
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R L - 














R L -1 kfl 

























±5 



±10 ±15 
±V S (Volts) 



±20 ±25 



Gain, Phase Shift vs. Frequency 



Common Mode Input Range vs. Supply Voltage 




16 
12 
8 

J: 

-8 
-12 
-16 







T a --55°C 






+25°C-v 




+125°C — 
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/-TA-+2 


>5°C 
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Typical Performance Characteristics (Continued) 

Input Noise Voltage Density vs. Frequency 
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Op Amp Comparison 
Input Noise Voltage Density vs. Frequency 
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Typical Performance Characteristics (Continued) 

Input Offset Voltage vs. Time 
(Warm-Up Drift) 
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3. 



T A - 
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Input Bias Current vs. Temperature 
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Input Offset Current vs. Temperature 



Open Loop Gain vs. Load Resistance 
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Typical Performance Characteristics (Continued) 

Small Signal Overshoot vs. Capacltive Load 
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0.1 Hz to 10 Hz Peak-to-Peak Noise vs. Time 
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Input Offset Trimming Circuit 
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When R p < 1 00Q and the input is driven 
with a fast, large signal pulse ( > 1.0V), 
the output waveform will appear as shown. 

Note: Pin numbers shown are for 8-lead packages. 



Large Signal Transient Response 
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Typical Applications 

RIAA Phono Preamplifier (Figure 1) 

The new moving coil magnetic phono cartridges have 
sensitivities that are an order of magnitude lower than 
the sensitivity of a typical moving magnet cartridge (0.1 
mV per CM/S versus 1 .0 mV per CM/S). This places a 
greater burden on the preamplifier to achieve more 
gain and less noise. The OP-27 is ideally suited for 
this task. The object in designing an RIAA phono 
preamp is to achieve the RIAA gain-frequency 
response curve while contributing as little noise as 
possible to avoid masking the very small signal 
generated by the cartridge. The circuit shown is 
adjusted to match a 40 dB RIAA curve as shown in 
Figure 2. Note that by convention the RIAA gain is 
specified at 1 kHz. With the "break points" of the 
curves specified at 50,500 and 2.1 kHz, respectively, 
the entire curve is fixed by the specified gain at 1kHz. 

The circuit is designed to operate with a 3/4000Q 
step-up transformer to present the optimum source 
impedance to the amplifier for best noise figure. The 
optimum source impedance is obtained as the ratio of 



OP-27 

the spectral noise voltage en to the spectral noise 
current l N (when e n has dimensions of nV/Vhz and l N 
has dimensions of pA/4k and the ratio has 
dimensions of kfl). The circuit is designed to be 
tested and adjusted independent of the transformer. 
For testing, introduce a very low level signal of 1 mV at 
test point TP-1 . The first stage is a wideband stage 
which provides a small amount of gain (1 + R4/R5) 
approximately equal to 10 dB. Low value feedback 
resistors must be used to prevent additional noise due 
to the spectral current noise or excessive Johnson 
noise. The gain of the first stage reduces the noise 
contribution of the second stage. The RIAA transfer 
curve poles and zeros are due entirely to the feedback 
network of the second stage. 

The poles and zeros of the RIAA feedback network 
are sufficiently separated in frequency that they may 
be estimated with the following equations: 



F^OHz)' 



F 2 (500 Hz) « 



1 



2tcR7C3 
1 

2tcR8C3 
1 

2tcR8C2 



F 3 (2100 Hz) ~ 




C2 R6 
10 pF 1K 




C5 RH 
10 HF 10 0ft 

AW-O v out 



NP 



:mo 

MOOK 



. 3.o n 4000 n 

3.0 n Moving 
Coil Cartridge 



Notes: 

1 . To test, disconnect transformer and inject signal at TP-1. 

2. Pin numbers shown are for 8-lead packages. 

Figure 1. RIAA Phono Preamplifier 



For More Information, can 1-800-722-7074. 
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Frequency — »- 



Fq » Low end rolloff frequency (user selected) 
Fi » 50 Hz 
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F3 « 2.1 kHz 65-0032 



Figure 2. RIM Phono Playback 
Equalication Curve 

These equations are only approximations. Final tuning 
is performed with the adjustable capacitors and 
potentiometers. The following sequence can be used to 
adjust for the RIM response after injecting a low level 
signal into TP-1 (transformer disconnected). 

1 . At 1 00 Hz adjust C3A for an output level 6 dB lower 

than the low frequency output. 

2. At 1 000 Hz adjust R8A for an output level 20 dB 

lower than the low frequency output. 

3. At 21 kHz adjust C4A for an output 40 dB less than 
the low frequency output. 

Low Impedance Microphone Preamp (Figure 3) 

In this preamp the transformer converts the low 
microphone impedance up to a value that is close to the 
optimum source impedance required by the OP-27 for 
best noise performance. The optimum source 
impedance can be calculated as the ratio of e^, which 
for the OP-27 is approximately 7000Q. Fortunately the 
noise performance does not degrade appreciably until 
the source impedance is four or five times this optimum 



value and the source impedance at the output of this 
transformer, approximately 15 kQ still provides near 
optimum noise performance. (A high quality audio 
transformer with a step-up ratio of 6.7 to one is not 
available.) The voltage gain of the amplifier, not 
including the transformer step-up, is unity up to about 
1 .5 Hz. It may be desirable to reduce the size of this 
capacitor to minimize burst noise even though the 
OP-27 has a 1/F noise corner below 3 Hz. C2 rolls off 
the high frequency response at 90 kHz giving a noise 
power bandwidth of 140 kHz. 

Instrumentation 

The OP-27 is particularly adaptable to instrumentation 
applications. When wired into a single op amp 
difference amplifier configuration, the OP-27 exhibits 
outstanding common mode rejection ratio. The spot 
voltage noise is so low that it is dominated almost 
entirely by the resistor Johnson noise. (Figures 4 
through 7). 

The three op amp instrumentation amplifier of Figure 
8 avoids the low input impedance characteristics of 
difference amplifiers at the expense of two more 
operational amplifiers and a slight degradation in 
noise performance. The noise increases because two 
amplifiers are contributing to the input voltage spectral 
noise instead of one. Thus the noise contribution, 
exclusive of resistor Johnson noise, increases by 
slightly more than The spectral noise voltage 
increases from approximately 3 nV/Vhz to 
approximately 4.9 nV/VHz, with the third amplifier 
contributing about 10% of the noise. The gain of the 
input amplifier is set at 25 and the second stage at 40 
for an overall gain of 1000. R7 is trimmed to optimize 
the common mode rejection ratio (CMRR) with 
frequency. With balanced source resistors a CMRR 
of 100 dB is achieved. With a 1 kQ source 
impedance imbalance CMRR is degraded to 80 dB at 
5 kHz due to the finite (3 input impedance. 
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Figure 3. Low Impedance Microphone Preamplifier 
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V OUT =1000(ZW| N ) 
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65-0034 



Note: 

Pin numbers shown are for 8-lead packages. 

Figure 4. Difference Amplifier 
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Figure 5. Difference Amplifier 
Input Voltage Noise Density vs. Source Resistance 
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Figure 6. CMRR Test Circuit 



Figure 7. Difference Amplifier 
CMRR vs. Frequency 



R8 

20K (0.1%) 

AAAr 




Trim R2 for Avcl = 1000 
Trim R10 for DC CMMR 

Trim R7 for minimum Vout at Vcm = 20 Vp P , 10 kHz 



QVout 



Note: Pin numbers shown are for 8-lead packages. 



Figure 8. Three Op Amp Instrumentation Amplifier 
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OP-37 

Low Noise Operational Amplifier 



Description 

The OP-37 is designed for instrumentation grade 
signal conditioning where low noise (both spectral 
density and burst), wide bandwidth, and high slew rate 
are required along with low input offset voltage, low 
input offset temperature coefficient and low input bias 
currents. The OP-37 is a decompensated version of 
the OP-27 and is AC stable in gain configurations 
equal to five and higher. 

Digital nulling techniques performed at wafer sort 
make it feasible to guarantee temperature stable input 
offset voltages as low as 25 nV. Input bias current 
cancellation techniques are used to obtain 10 nA input 
bias currents. 

The OP-37 design uniquely addresses the needs of 
the instrumentation designer. Power supply rejection 
and common mode rejection are both in excess of 120 
dB. Input offset voltage can be externally trimmed 
without affecting input offset voltage drift with 
temperature or time. The drift performance is, in fact 
so good that the system designer must be cautioned 
that stray thermoelectric voltages generated by 
dissimilar metal at the contacts to the input terminals 
are enough to degrade its performance. For this 
reason it is also important to keep both input terminals 
at the same relative temperature. 

The OP-37 is available in, SO-8 (small-outline), TO-99 
can, plastic mini-DIP and ceramic mini-DIP packages, 
and can be ordered with Mil-Std-883 Level B 
processing. 



Features 

♦ Very low noise 

Spectral noise density — 3.0 nV/Vrlz 
1/F noise corner frequency — 2.7 Hz 

♦ Very low Vq S drift 
0.2 iiV/Mo 

o.2 \ivrc 

♦ High gain — 1800 V/mV 

♦ High output drive capability — ±1 2V into 600ft 
load 

♦ High slew rate— 17 V/pS 

♦ High gain bandwidth product — 63 MHz 

♦ Good CMRR — 126 dB 

♦ LowV os — 10 nV 

♦ Low noise — 0.08 nV p _ p (0.1 Hz to 1 0 Hz) 

♦ Low input bias current — ±1 0 nA 

♦ Compensated for AC stability with A VCL £ 5 



For More Information, call 1-800-722-7074. 
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Connection Information 



8- Lead 
TO-99 Metal Can 
(Top View) 




8-Lead Plastic 
Dual In-Llne SO-8 
(Top View) 



LT 
H 
LI 

tz 



8-Lead 
Dual In-Line Package 

(Top View) 



LI 



H 



3 

1] 
1 



65-03206A 



2 

II 

a 

i] 



Pin 


Function 


1 


V os Trim 


2 


-Input 


3 


+lnput 


4 


■v 8 


5 


NC 


6 


Output 


7 




8 


V 0S Trim 



Ordering Information 



Part Number Package 



Operating 
Temperature 
Range 



OP-37EN 


N 


0 # Cto+70 # C 


OP-37FN 


N 


0 , Cto+70 , C 


OP-37GN 


N 


0 , Cto+70 , C 


OP-37EM 


M 


(rCto+70'C 


OP-37FM 


M 


0 , Cto+70'C 


OP-37GM 


M 


O'Cto+70'C 


OP-37AD 


D 


-55'Cto+125 # C 


OP-37AD/883 


D 


-55 # Cto+125 # C 


OP-37BD 


D 


-55'Cto+125'C 


OP-37BD/883 


D 




OP-37CD 


D 


-ss'cto+^c 


OP-37CD/883 


D 


-55*c to +125*0 


OP-37AT 


T 


-ss'cto+^c 


OP-37AT/883 


T 


-55 # Cto+125*C 


OP-37BT 


T 


-ss'cto+^s'c 


OP-37BT/883 


T 


-55*c to +125*0 


OP-37CT 


T 


-55*Cto+125*C 


OP-37CT/883 


T 


-55*0 *> +125*0 



Notes: 

/883B suffix denotes Mii-Std-883, Level B processing 
N = 8-lead plastic DIP 
D = 8 lead ceramic DIP 
T = 8-lead metal can (TO-99) 
M = 8-lead plastic SOIC 
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Absolute Maximum Ratings 



Supply Voltage i22V 

Input Voltagei ±22V 

Differential Input Voltage 0.7V 

Internal Power Dissipation2 658 mW 

Output Short Circuit Duration Indefinite 

Storage Temperature 

Range -65 # Cto+150 # C 

Operating Temperature Range 

OP-27A/B/C -WCto+125'C 

OP-27E/F/G -25 # Cto+85"C 

OP-27E/F/G 0'Cto+70*C 

Lead Soldering Temperature 

(SO-8,10sec) +260*C 

(DIP.TO-99; 60 sec) +300*C 



Notes: 

1. For supply voltages less than ±22V, the absolute maximum input 
voltage is equal to the supply voltage. 

2. Observe package thermal characteristics. 



Thermal Characteristics 





8- Lead 


8- Lead 


8- Lead 


8- Lead 




Small 


Ceramic 


TO-99 


Plastic 




Outline 


DIP 


Metal Can 


DIP 


Max. Junction Temp. 


+125'C 


+175°C 


+175°C 


+125'C 


Max. P D T A <50°C 


300 mW 


833 mW 


658 mW 


468 mW 


Therm. Res 8jq 




45'C/W 


50 # C/W 




Therm. Res. 8 JA 


240'C/W 


150°C/W 


190°C/W 


160*C/W 


For T A >50'C Derate at 


4.17 rnVWC 


8.33 mW/'C 


5.26 mW/°C 


6.25 mW/*C 



For More Informatfon, call 1 -800-722-7074. 
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Electrical Characteristics 

(V s = ±15V and T A = +25*C unless otherwise noted) 



parameters 


I est uo nan ions 


0P-37A/E 


OP-37B/F 


OP-37C/Q 


1 Inttc 

Units 


Min 1 yp Max 


miin nr«#i% iijiow 

mm 1 yp Max 


AHIn Tm#i% ftilaw 

Min 1 yp Max 


Input Offset Voltage 5 




10 25 


20 60 


30 100 


nv 


Long Term Input Offset 
Voltage Stability 1 * 2 




0.2 1.0 


0.3 1 .5 


0.4 2.0 


jiV/Mo 


Input Offset Current 




7.0 35 


9.0 50 


12 75 


nA 


Input Bias Current 




±10 ±40 


±12 ±55 


±15 ±80 


nA 


Input Noise Voltage 2 


0.1 Hz to 10 Hz 


0.08 0.18 


0.08 0.18 


0.09 0.25 


uV^ 
H P-P 


Input Noise Voltage 
Density 2 


F o =10Hz 


3.5 5.5 


3.5 5.5 


3.8 8.0 


nV 

VHz 


F Q = 30 Hz 


3.1 4.5 


3.1 4.5 


3.3 5.6 


F o =1000Hz 


3.0 3.8 


3.0 3.8 


3.2 4.5 


Input Noise Current 
Density 2 


F o =10Hz 


1.7 4.0 


1.7 4.0 


1.7 


PA 

VHz 


F 0 = 30 Hz 


1.0 2.3 


1.0 2.3 


1.0 


F 0 = 1000 Hz 


0.4 0.6 


0.4 0.6 


0.4 0.6 


Input Resistance 
(Diff. Mode) 4 




1.5 6.0 


1.2 5.0 


0.8 4.0 


MQ 


Input Resistance 
(Com. Mode) 




3.0 


2.5 


2.0 


GQ 


Input Voltage Range 3 




±11 ±12.3 


±11 ±12.3 


±11 ±12.3 


V 


Common Mode 
Rejection Ratio 


V CM = ±11V 


114 126 


106 123 


100 120 


dB 


Power Supply 
Rejection Ratio 


V3 =±4VtO±18V 


100 120 


100 120 


94 118 


dB 


Large Signal Voltage Gain 


Ri £2kft, V 0 irr=±1< 


>V1 0001 800 


1000 1800 


700 1500 


V/mV 


Ri > 1 kft, VmiT = ±K 


>V8001500 


800 1500 


1500 


V OUT = ±1V,V s =±4 


Z250 700 


250 700 


200 500 


Output Voltage Swing 


R L i2kfl, 


±12 ±13.8 


±12 ±13.8 


±11. 5 ±13.5 


V 


Rl ^6000, 


±11 ±12 


±11 ±12 


±11 ±12 


OI6W nal@ 


ri|_ £ KL2, 


II 1 / 


11 17 

II 1 / 


11 17 

II It 


\//nQ 


Gain Bandwidth Product 4 


F o = 10kHz 


45 63 


45 63 


45 63 


MHz 


F Q = 1 MHz 


40 


40 


40 


Open Loop Output 
Resistance 


V OUT = 0.'OUT = 0 


70 


70 


70 


Q 


Power Consumption 




90 140 


90 140 


100 170 


mW 


Offset Adjustment Range 


R TRIM = 10k " 


±4.0 


±4.0 


±4.0 mV 





Notes: 

1. Long Term Input Offset Voltage Stability refers to the average trend line of V os vs. Time over extended periods after the first 30 days of 
operation. Excluding the initial hour of operation, changes in V os during the first 30 operating days are typically 2.5 uV. 

2. This parameter is tested on a sample basis only. 

3. Caution: The Common Mode Input Range is a function of supply voltage. See Typical Performance Curves. Also, the input protection 
diodes do not allow the device to be removed or inserted into the circuit without first removing power. 

4. Parameter is guaranteed but not tested. 

5. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of power. 
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Electrical Characteristics 

(V s = ±15V, -55 # C kT A ^ +125 # C unless otherwise noted) 



Parameters 


Test Conditions 




DP-37A 


OP-37B 




DP-37C 


Units 


Min 


Typ 


Max 


Min 


Typ 


Max 


Min 


Typ 


Max 


Input Offset Voltage 1 






30 


60 




50 


200 




70 


300 




Average Input Offset 
Voltage Drift 2 






0.2 


0.6 




0.3 


1.3 




0.4 


1.8 


pvyc 


Input Offset Current 






15 


50 




22 


85 




30 


135 


nA 


Input Bias Current 






i20 


±60 




128 


±95 




±35 


±150 


nA 


Input Voltage Range 




±10.3 


±11.5 




±10.3 


±11.5 




±10.2 


±11.5 




V 


Common Mode 
Rejection Ratio 


V CM = ±10V 


108 


122 




100 


119 




94 


116 




dB 


Power Supply 
Rejection Ratio 


V S = ±4.5V to ±18V 


96 


116 




94 


114 




86 


110 




dB 


Large Signal Voltage Gain 


R L *2kav OUT =±iov 


600 


1200 




500 


1000 




300 


800 




V/mV 


Output Voltage Swing 


R L £2kQ 


±11.5 


±13.5 




±11 


±13.2 




±10.5 


±13 




V 



Electrical Characteristics 



(V s = ±15V,0'C £ T A ^ +70'C for plastic packages unless otherwise noted) 



Parameters 


Test Conditions 




DP-37E 


OP-37F 




0P-37G 




Units 


Min 


Typ 


Max 


Min 


Typ ... 


Max 


Min 


Typ 


Max 


Input Offset Voltage 1 






20 


50 




40 


140 




55 


220 


nv 


Average Input Offset 
Voltage Drift 2 






0.2 


0.6 




0.3 


1.3 




0.4 


1.8 


U.WC 


Input Offset Current 






10 


50 




14 


85 




20 


135 


nA 


Input Bias Current 






±14 


±60 




±18 


±95 




±25 


±150 


nA 


Input Voltage Range 




±10.5 


±11.8 




±10.5 


1:11.8 




±10.5 


±11.8 




V 


Common Mode 
Rejection Ratio 


V CM =±10V 


110 


124 




102 


121 




96 


118 




dB 


Power Supply 
Rejection Ratio 


V s = ±4.5Vto±18V 


97 


118 




96 


116 




90 


114 




dB 


Large Signal Voltage Gain 


R L *2kaV O UT = ± 1 0V 


750 


1500 




700 


1300 




450 


1000 




V/mV 


Output Voltage Swing 


R L2 £ka 


±11.7 


±13.6 




±11.4 


±13.5 




±11 


±13.3 




V 



Notes: 

1 . Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of power. 

2. T c V os performance is guaranteed untrimmed or when trimmed with Rjrim = 8 0 to 20 k& 



For More information, call 1 -800-722-7074. Raytheon Semiconductor 



3-515 



OP-37 

Typical Performance Characteristics 

510 Q 0.1 MF 



10Q 



j— -VSAr^ 




Note: -f 01 ^ 

1 . Peak-to-peak noise measured in a 1 0 second interval " 

2. The device under test should be warmed up for 3 minutes and shielded from air current 

3. Voltage gain = 50,000. 

4. All capacitor values are for non-polarized capacitors only. 

5. Pin numbers shown sare for 8-lead package. 

0.1 Hz to 10 Hz Noise Test Circuit 



OQ 



0.1 Hz to 10 Hz Noise Test Circuit 
Gain vs. Frequency 




Gain, Phase Shift vs. Frequency 
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Open Loop Gain vs. Frequency 
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Typical Performance Characteristics (Continued) 

Maximum Output Swing vs. Load Resistance 
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Open Loop Gain vs. Supply Voltage 
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Common Mode Input Range vs. Supply Voltage 




Short Circuit Current vs. Time 
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Typical Performance Characteristics (Continued) 



Op Amp Comparison 
Input Noise Voltage Density vs. Frequency 
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OP-37 



Input Bias Current vs. Temperature 



Input Offset Current vs. Temperature 
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Typical Performance Characteristics (Continued) 

Slew Rate vs. Supply Voltage 
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Slew Rate vs. Load Resistance 




+20V 




-20V 65-0351 

Note: Pin numbers shown are for 8-lead packages. 
Bum-In Circuit 




Input Offset Trimming Circuit 
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Typical Applications 

Low Impedance Microphone Preamp 
(Figure 1) 

In this preamp, the transformer converts the low 
microphone impedance up to a value that is close to 
the optimum source impedance required by the OP- 
37 for best noise performance. The optimum source 
impedance can be calculated as the ratio of 
which for the OP-37 is approximately 7000Q 
Fortunately, the noise performance does not degrade 
appreciably until the source impedance is four or five 
times this optimum value. The source impedance at 
the output of this transformer of 15 kQ still provides 
near optimum noise performance. (A high quality 
audio transformer with a step-up ratio of 6.7 to one is 
not available.) C1 rolls off the high frequency 
response at 90 kHz giving a noise power bandwidth of 
140 kHz. 

Instrumentation 

The OP-37 is particularly adaptable to instrumentation 
applications. When wired into a single op amp 
difference amplifier configuration, the OP-37 exhibits 



outstanding common mode rejection ratio. The spot 
voltage noise is so low that is dominated almost 
entirely by the resistor Johnson noise (Figures 2 
through 5). 

The three op amp instrumentation amplifier of Figure 
5 OP-370P-37 avoids the input impedance 
characteristics of difference amplifiers at the expense 
of two more operational amplifiers and a slight 
degradation in noise performance. The noise 
increases because two amplifiers are contributing to 
the input voltage spectral noise instead of one. Thus, 
the noise contribution, exclusive of resistor Johnson 
noise, increases by slightly more than ^2. The 
spectral noise voltage increases from approximately 3 
nV/VHz to approximately 4.9 nV/VHz, with the third 
amplifier contributing about 10% of the noise. The 
gain of the input amplifier is set at 25 and the second 
stage at 40 for an overall gain of 1 000. R7 is trimmed 
to optimize the common mode rejection ratio (CMRR) 
with frequency. With balanced source resistors, a 
CMRR of 100 dB is achieved. With a 1 kn source 
impedance imbalance CMRR is degraded to 80 dB at 
5 kHz due to the finite (3 GO) input impedance. 




65-0321 



Figure 1. Low Impedance Microphone Preamplifier 



For More Information, call 1-800-722-7074. 
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OP-37 




O v a 



Vout-1000(AV,n) 
-AV IN (R2A/R1) 



Figure 2. Difference Amplifier 



100K 
AAAr- 




100 



10K 



1K 

Rs(fl) 

Figure 3. Difference Amplifier 
Input Noise Voltage Density vs. Source Resistance 




OVqut 



Note: Pin number shown are for 8-tead packages. 

Figure 4. CMRR Test Circuit 



Av IN - 



R8 

20K(0.1%) 
A/SAr 




Trim R2 for A vcl -1 000 
Trim R10fordc CMMR 

Trim R7 for minimum Vquj at V CM ■ 20 V P .p, 1 0 kHz 
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Figure 5. Three Op Amp Instrumentation Amplifier 
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For More Information, call 1-800-722-7074. 
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OP-77 



OP-77 

Precision Operational Amplifier 



Description 

Designed to upgrade OP-07 and other similar 
precision op amps, the OP-77 offers ultra high 
performance in applications requiring high gain, 
superior gain-linearity, and extremely low TCV 0 s- 
The OP-77's outstanding gain-linearity, which 
eliminates incorrectable system nonlinearities 
common in previous precision op amps, is achieved 
by an exceptional open-loop gain of more than 10 
million maintained over±10V output range. The 
excellent TCVqs of 0.1 |xV/*C, plus an extremely low 
power consumption of 35 mW (which reduces warm- 
up drift ) significantly increases system accuracy over 
temperature. These characteristics, along with low 

v OS» ,ow 'OS* hi 9 h CMRR . hl 9 h p SRR, and low input 
noise levels, combine to raise the performance level 
of many high-resolution instrumentation and data 
conversion systems. 

Advanced circuit design and wafer processing are 
Raytheon Semiconductor's added advantages in 
quality and reliability. A patented, proprietary V 0 § 
trimming method after packaging significantly 
enhances yield and availability of top grade (A/E) 
devices. 



Features 

♦ Ultra high gain- 12000 V/mV 

♦ Outstanding gain linearity 

♦ Ultra low V os drift - 0.1 ^V/'C 

♦ LowV os -10nVmax 

♦ Low noise - 0.3 nV p _p (0.1 Hz to 1 0 Hz) 

♦ Low power consumption - 35 mW 

♦ Low input offset current — 0.3 n A 

♦ HighCMRR-HOdBmin 

♦ High PSRR- 120 dBmin 

♦ Replaces OP-07, 1 08, 741 types 

♦ Wide range of package types 



For More Information, call 1-800-722-7074. 
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OP-77 

Ordering Information 



Part Number Package 



Operating 
Temperature 
Range 



OD 77EM 
Ur-/ / tIN 


M 


A'r* frt j7A*r* 
U U 10 +/U V/ 


OP 77FM 
Ur*/ /riM 


M 
IM 


U Is 10 +/U 


OD 770M 
Ur-/ /VJnl 


M 
IM 


U V/ 10 +/U V/ 


OD 77CHJ 
Ur-//fcM 


M 


u o to +/0 0 


OP-77FM 


M 


0*C to +70*C 


OP-77GM 


M 


O'Cto+70'C 


OP-77AT 


T 


-55*Cto+125 # C 


OP-77AT/883B 


T 


-ss'cto+^s'c 


OP-77BT 


T 


-ss'cto+^s'C 


OP-77BT/883B 


T 


-55*Cto+125 # C 


OP-77AD 


D 


-55 - Cto+125 # C 


OP-77AD/883B 


D 


-ss'cto+^c 


OP-77BD 


D 


-55*C to +125 # C 


OP-77BD/883B 


D 


-ss'cto+^c 



Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 

N = 8-lead plastic DIP 

D = 8 lead ceramic DIP 

T = 8-lead metal can (TO-99) 

M = 8-lead plastic SOIC 



Connection Information 



8-Lead 
TO-99 Metal Can 
(Top View) 




8-Lead Plastic 
Dual In-Llne SO-8 

(Top View) 



n 

d 
d 

n 



a 
m 
n 



8-Lead 
Dual In-Llne Package 
(Top View) 



E 



u 

U 
H 



Pin Function 
1 

2 -Input 

3 +lnput 

4 -Vq 
5 



V os Trim 



NC 



6 Output 



V 0S Trim 
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OP-77 



Absolute Maximum Ratings 



Supply Voltage .±22V 

Input Voltage"! i22V 

Differential Input Voltage 30V 

Internal Power Dissipation2 500 mW 

Output Short Circuit Duration Indefinite 

Storage Temperature 

Range -B^Cto+ISO'C 

Operating Temperature Range 

OP77A.B -55*C to +125*0 

OP77E.F.G 0*0 to +70*0 

Lead Soldering Temperature 

TO-99, DIP, (60 sec) +300*0 

SO-8(10sec) +260'C 



Notes: 

1 . For supply voltages less than 122V, the absolute maximum 
input voltage is equal to the supply voltage. 

2. Observe package thermal characteristics. 



Thermal Characteristics 





8-Lead 
Ceramic DIP 


8-Lead 
TO-99 
Metal Can 


8-Lead 
Small 
Outline 


8-Lead 
Plastic DIP 


Max. Junction Temp. 


+175*C 


+175'C 


+125 # C 


+125'C 


Max. P D T A <50*C 


833 mW 


658 mW 


300 mW 


468 mW 


Therm. Res 6jq 


45*C/W 


50 4 C/W 






Therm. Res. 6 JA 


150°C/W 


190'C/W 


240°C/W 


160*C/W 


ForT A >50*C Derate at 


8.33 mW/°C 


5.26 mW/'C 


4.17mW/°C 


6.25 mW/'C 



For More Information, call 1-800-722-7074. 
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OP-77 



Electrical Characteristics 

(V s = ±15V and T A = +25*C unless otherwise noted) 







OP-77A 


OP-77B 




Parameters 


Test Conditions 


Min 


Typ 


Max 


Min 


Typ 


Max 


Units 


Input Offset Voltage 3 






±10 


±25 




120 


±60 


nv 


Long Term Vqs Stability 1 






0.2 






0.2 




pV/Mo 


Input Offset Current 






±0.3 


±1.5 




±0.3 


i2.8 


nA 


Input Bias Current 






±1.2 


±2.0 




±1.2 


±2.8 


nA 


Input Noise Voltage 5 


0.1 Hz to 10 Hz 




0.35 


0.6 




0.35 


0.65 


nv p . p 




F o »10Hz 




10.3 


18 




10.3 


18 




Input Noise Voltage Density 5 


F o = 100 Hz 




10 


13 




10 


13 


nV 




F o = 1000 Hz 




9.6 


11 




9.6 


11 


VRz 


Input Noise Current 5 


0.1 Hz to 10 Hz 




14 


30 




14 


35 


p a p-p 




F o = 10Hz 




0.32 


0.8 




0.32 


0.8 




Input Noise Current Density 5 


F o «100Hz 




0.14 


0.23 




0.14 


0.23 


pA 

>fiz 




F o *1000 Hz 




0.12 


0.17 




0.12 


0.17 


Input Resistance (Diff. Mode)* 




26 


45 




18.5 


45 




M£2 


Input Resistance (Com. Mode) 






200 






200 




Gft 


Input Voltage Range 4 




±13 


±14 




±13 


±14 




V 


Common Mode Rejection Ratio 


V CM »±11V 


120 


140 




116 


140 




dB 


Power Supply Rejection Ratio 


V s = ±3Vto±8V 


110 


120 




110 


120 




dB 


Large Signal Voltage Gain 


R L £2ka 
V OUT = ±10V 


5000 


12000 




2000 


8000 




V/mV 




R L >10kU 


±13 


±13.5 




±13 


±13.5 






Output Voltage Swing 


R L >2kfl» 


±12.5 


±13 




±12.5 


±13 




V 




R L £lkQ 


±12 


±12.5 




±12 


±12.5 






Slew Rate 2 


R L >2kU 


0.1 


0.2 




0.1 


0.2 




V/pS 


Closed Loop Bandwidth 2 


AvcL s+1 -° 


0.4 


0.6 




0.4 


0.6 




MHz 


Open Loop Output Resistance 


Vout = 0» 'OUT = 0 




60 






60 




CI 


Power Consumption 


V S = ±15V, R L = oo 




35 


60 




35 


60 


mW 




V s = ±3V,R L = oo 




2.0 


4.5 




2.0 


4.5 




Offset Adjustment Range 


R TRIM = 20kQ 




±3.5 






i3.5 




mV 



Notes: 

1 . Long Term Input Offset Voltage Stability refers to the average trend line of V os vs. Time over extended periods after the first 30 days of operation. 
Excluding the initial hour of operation, changes in Vqs during the first 30 operating days are typically 2.5 uV. 

2. Guaranteed by design. 

3. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of power. The OP-77A 
grade in T, D, and L packages are tested fully warmed up. 

4. The input protection diodes do not allow the device to be removed or inserted into the circuit without first removing power. 

5. Sample tested. 
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OP-77 



Electrical Characteristics 

(V s « ±15V and T A = +25 # C unless otherwise noted) 



Parameters 


Test Conditions 




DP-77E 




( 


DP-77F 


C 


JP-77G 




Units 


Mln 


Typ 


Max 


Min 


Typ 


Max 


Min 


Typ 


Max 


Input Offset Voltage 3 






±10 


±25 




±20 


±60 




±50 


±100 




Long Term Input . 
unset vonage oiauiiny 






0.3 






0.4 






0.4 




|xV/Mo 


Inmit Oftept dirrpnt 






±0.3 


±1.5 




33J.O 


4-0 Q 




±0.3 


±2.8 


nA 


Input Bias Current 






±1.2 


±2.0 




±1.2 


±2.8 




±1.2 


±2.8 


nA 


Input Noise Voltage 5 


0 1 Hz to 10 Hz 

v. 1 1 IC l\J 1 \J tit. 






0 fi 




U.OO 


U.OD 




0 38 


0.65 




Input Noise Voltage 
Density 0 


Fq ■ 10 Hz 




10.3 


18 




10.5 


20 




10.5 


20 


nV 
VHz 


F n =100 Hz 




10 


13 




10.2 


13.5 




10.2 


13.5 


F 0 =1000 Hz 




9.6 


11 




9.8 


11.5 




9.8 


11.5 


Input Noise Current 5 


0.1 Hz to 10 Hz 




14 


30 




15 


35 




15 


35 


pAp-p 


Input Noise Current 

nprrcih/5 


F Q =10 Hz 




0.32 


0.8 




0.35 


0.9 




0.35 


0.9 


£A_ 

a/H7 
illi. 


F n =100 Hz 




0.14 


0.23 




0.15 


0.27 




0.15 


0.27 


p_ _ mnn H7 

if} ~ lUw IXC. 




O 19 


0 17 




0.13 


0.18 




0 13 


0 18 


Input Resistance 

Sniff MnHo\2 




26 


45 




18.5 


45 




18.5 


45 




Ma 


Input Resistance 
(Com. Mode) 






200 






200 






200 




Ga 


Input Voltage Range 4 




±13 


±14 




±13 






±13 


±14 




V 


Common Mode 
Rejection Ratio 


Vp M = ±13V 


120 


140 




116 






116 


140 




dB 


Power Supply 
Rejection Ratio 


V s = ±3Vto±18V 


110 


123 




110 


123 




110 


123 




dB 


Large Signal Voltage Gain 


Ri >2kQ, 

v5 UT =±iov 


5000 


12000 




2000 


6000 




2000 


6000 




V/mV 


Output Voltage Swing 


R L sl0kQ 


±13 


±13.5 




±13 


±13.5 




±13 


±13.5 




V 


> d Ki2 


i A r* c 
±i£.0 


±10 




tid.0 


±13 




14 O C 


±10 




H^e£\ Ki2 


14 O 


14/) C 




14 O 


±12.5 




14 O 


tld.O 




Slew Rate 2 


R, >2kQ 


0.1 


0.2 




0.1 


0.2 




0.1 


0.2 




V/pS 


Closed-Loop Bandwidth 2 


A VCL = +1.0 


0.4 


0.6 




0.4 


0.6 




0.4 


0.6 




MHz 


Open Loop Output 
Resistance 


V OUT = 0. buT = 0 




60 






60 






60 




a 


Power Consumption 


V S = ±15V, R L = oo 




35 


60 




35 


60 




35 


60 


mW 


V s = ±3V,R L = oo 




2.0 


4.5 




2.0 


4.5 




2.0 


4.5 


Offset Adjustment Range 


R TRIM = 20kQ 




±3.5 






±3.5 






±3.5 




mV 



Notes: 

1. Long Term Input Offset Voltage Stability refers to the average trend line of V os vs. Time over extended periods after the first 30 days of 
operation. Excluding the initial hour of operation, changes in V os during the first 30 operating days are typically 2.5 uA/. 

2. Guaranteed by design. 

3. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of power. 
The OP-77E grade on T, D, and L packages are tested fully warmed up. 

4. The input protection diodes do not allow the device to be removed or inserted into the circuit without first removing power. 

5. Sample tested. 



For More Information, call 1-800-722-7074. 
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Electrical Characteristics 

(V s = ±15V, -55*C £ T A £ +125'C unless otherwise noted) 







OP-77A 




OP-77B 




■ 01 an icici 9 




Mln 


Typ 


Max 


Mln 


Typ 


Max 


Units 


Input Offset Voltage 






±25 


±bU 




±45 


±120 


• ■W 

HV 


Average Input Offset 
Voltage Drift 1 






0.1 


0.3 




0.2 


0.6 


nv/°c 


Input Offset Current 






±0.8 


±2.2 




±1.0 


±4.5 


nA 


Average Input Offset 
Current Drift 2 






±5.0 


±25 




±5.0 


±50 


pA/°C 


Input Bias Current 






i2.4 


±4.0 




±2.4 


±6.0 


nA 


Average Input Bias 
Current Drift 2 






±8.0 


i25 




±15 


±35 


pA/°C 


Input Voltage Range 




±13 


±13.5 




±13 


±13.5 




v 


Common Mode Rejection Ratio 


V CM = ±10V 


120 


140 




110 


140 




dB 


Power Supply Rejection Ratio 


V s = ±3VtO±8V 


110 


120 




106 


120 




dB 


Large Signal Voltage Gain 


R|_>2 kft, 
V OU T = ±10V 


2000 


6000 




1000 


4000 




V/mV 


Maximum Output Voltage 
Swing 


R L >2kQ > 


±12 


±13 




±12 


±13 




V 


Power Consumption 


R|_= oo 




40 


75 




40 


75 


mW 



Electrical Characteristics 

(V s = ±15V, 0°C < T A < +70°C unless otherwise noted) 



Parameters 


Test Conditions 


< 


pP-771 




OP-77I 




OP-77! 




Units 


Mln 


_I»L 


Max 


Mln 




Max 


Mln 


Typ 


Max 


Input Offset Voltage 






±10 


±45 




±20 


±100 




±80 


±100 


>iV 


Average Input Offset 
Voltage Drift 






0.1 


0.3 




0.2 


0.6 




0.3 


1.2 


nv/°c 


Input Offset Current 






±0.5 


d2.2 




±0.5 


±4.5 




±0.5 


±4.5 


nA 


Average Input Offset 
Current Drift 2 






±1.5 


±40 




±1.5 


±85 




±1.5 


±85 


pA/°C 


Input Bias Current 






±2.4 


±4.0 




12.4 


±6.0 




i2A 


±6.0 


nA 


Average Input Bias 
Current Drift 2 






±8 


±40 




±15 


±60 




±15 


±60 


pA/°C 


Input Voltage Range 




±13 


±13.5 




±13 


±13.5 




±13 


±13.5 




V 


Common Mode Rejection 
Ratio 


V CM =±13V 


120 


140 




110 


140 




110 


140 




dB 


Power Supply Rejection 
Ratio 


V s = i3Vto±18V 


110 


120 




106 


120 




106 


120 




dB 


Large Signal Voltage Gain 


R L >2kU 
V OUT = ±10V 


2000 


6000 




1000 


4000 




1000 


4000 




V/mV 


Output Voltage Swing 


R L >2kft 


±12 


±13 




±12 


±13 




±12 


±13 




V 


Power Consumption 


R L = oo 




40 


75 




40 


75 




40 


75 


mW 



Notes: 1. 100% tested for Grade A and T packages. 
2. Sample tested. 
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Typical Performance Characteristics 

OP-77 Improved Open-Loop Gain Linearity 
Input vs. Output Voltage 













— +3HV 








-iov"""* 


+10V 




__ , 




Ta - +25°C 








R L -2kQ 
Vs«tl5V 










-3»tV 





> 



OP-77 



Typical Precision Op Amp Gain Linearity 
Import vs. Output Voltage 











+15 








-10V \ 

— I 5 


/ \+iov 




\~ 












— -15 HV 




VqUT 



0 V OUT 



VoUT-1000Vos 



* Resistors must have low 

thermoelectric potential 65-0382 

Test Circuit for Input Offset Voltage and 
Its Drift with Temperature 



0.1 uF 



-V| N O 




O Vqut 



-15V 65- 

Input Offset Voltage Adjustment 




0.1 uF 

Notes: 

1. Peak-to-Peak noise measured in a 10-second interval. ~ 

2. The device under test should be warmed up for 3 minutes and shielded from air currents. 

3. Voltage Gain = 50,000 

4. All capacitor values are for non-polarized capacitors only. 

5. Pin numbers shown are for 8-lead packages. 



0.1 Hz to 10 Hz Noise Test Circuit 



For More Information, call 1-800-722-7074. 
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OP-77 

Typical Applications 




-15V 



-15V 



°Vout 

0 < Vqut < 10V 



The high gain and low TCVqs assure accurate operation with inputs from microvolts to volts. In this 65-4017 
circuit, the signal always appears as a common-mode signal to the op amps. The OP-77E CMRR of 1 
U.V/V assures errors of less than 2 ppm. 

Precision Absolute Value Amplifier 




Positive Current Sink 
+v s 



Vino 



1N4579A 

6.4V ±5% *A D1 
±5ppm/ < fc 



This simple bootstrapped voltage reference provides a 
precise 10V virtually independent of changes in power 
supply voltage, ambient temperature and output 
loading. Correct zener operating current of exactly 2 
mA is maintained by R1 , a selected 5 ppm/'C resistor, 
connected to the regulated output. Accuracy is 
primarily determined by three factors: the 5 ppm/'C 
temperature coefficient of D1, 1 ppm/'C ratio tracking 
of R2 and R3, and operational amplifier V 0 $ errors. 

V 0 s errors, amplified by 1 .6 (A VCL ), appear at the 
output and can be significant with most monolithic 
amplifiers. For example: an ordinary amplifier with 
TCV os of 5 u.V/*C contributes 0.8 ppm/'C of output 
error while the OP-77, with TCV 0S of 0.3 u.V/*C, 
contributes but 0.05 ppm/'C of output error, thus 
effectively eliminating TCVqs as an error consider- 
ation. 




V|N 

JT= "m" 

Vim >0V 

Full Scale of 1V 

I * 1 A/V 



Positive Current Source 



v, N ( 




65-4019 

This simple high current sink/source requires that the load 
float between the power supply and the sink/sources. 

In these circuits, the OP-77's high gain, high CMRR, and low 
TCVqs assure high accuracy. 



High Stability Voltage Reference 



Precision Current Sinks 
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OP-77 
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RC3403A 

Ground Sensing Quad Operational Amplifier 



Description 

The RC3403A is a high performance ground sensing 
quad operational amplifier featuring improved dc 
specifications equal to or better than the standard 741 
type general purpose op amp. The ground sensing 
differential input stage of this op amp provides 
increased slew rate compared to 741 types. 



Features 

♦ Class AB output stage — no crossover distortion 

♦ Output voltage swings to ground in single supply 
operation 

♦ High slew rate — 1 .2 V/^S 

♦ Single or split supply operation 

♦ Wide supply operation — +2.5V to +36V or 
±1.25Vto±18V 

♦ Pin compatible with LM324 and MC3403 

♦ Low power consumption — 0.8 mA/amplifier 

♦ Common mode range includes ground 



For More Information, call 1-800-722-7074. 
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Connection Information 



14- Lead Dual In-Llne Package 

(Top View) 



E 
E 
E 
E 
E 
E 
E 



3 

13] 

ill 
ill 

3 
3 

65-0418 



Pin 


Function 


1 


Output (A) 


2 


-Input (A) 


3 


+lnput (A) 


4 




5 


+lnput (B) 


6 


-Input (B) 


7 


Output (B) 


8 


Output (C) 


9 


-Input (C) 


10 


+lnput (C) 


11 


-V s (Gnd) 


12 


+lnput (D) 


13 


-Input (D) 



Ordering Information 







Operating 


Part Number 


Package 


Temperature 






Range 


RC3403AN 


N 


0°C to +70°C 



Notes: 

N- 14- lead plastic DIP. 



Thermal Characteristics 




14-Lead 
Plastic DIP 


Max. Junction Temp. 


+125°C 


Max. P D T A <50°C 


468mW 


Therm. Res 9 jq 




Therm. Res. 8j A 


160°C/W 


ForT A >50°C Derate at 


6.25 mW/°C 



Absolute Maximum Ratings 0) 

Supply Voltage +36V or ±18V 

Input Voltage -0.3to+36V 

Differential Input Voltage 36V 

Storage Temperature 

Range -65°Cto+150°C 

Operating Temperature Range ..0°C to +70°C 
Lead Soldering Temperature 

(60 sec) +300°C 

Notes: 

1 . "Absolute maximum ratings" are those beyond which the 
safety of the device cannot be guaranteed. They are not 
meant to imply that the device should be operated at these 
limits. If the device is subjected to the limits in the absolute 
maximum ratings for extended periods, its reliability may be 
impaired. The tables of Electrical Characteristics provide 
conditions for actual device operation. 
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RC3403A 



Low Voltage Electrical Characteristics 

(+V S = +5V, -V s = GND, and T A = +25° C) 







RC3403A 




Parameters 


Test Conditions 


Min 


-ryp 


Max 


Units 


Input Offset Voltage 






2.0 


10 


mV 


Input Bias Current 






-150 


-500 


nA 


Input Offset Current 






30 


50 


nA 


Supply Current 


R|_ = oo All Amplifiers 




2.5 


5.0 


mA 


Large Signal Voltage Gain 


R L >2k£2 


20 


200 




V/mV 


Output Voltage Swing 1 


R L 2>10kQ 


3.5 






V p .p 


Channel Separation 


1kHz ^ 200kHz 
(Input referred) 




120 




dB 


Power Supply Rejection Ratio 




76 






dB 



Note 1. Output will swing to ground. 



Electrical Characteristics 

(±v s = ±15V, o°c <rr A < +70°c) 







RC3403A 




Parameters 


Test Conditions 


Min 


-ryp 


Max 


Units 


Input Offset Voltage 








10 


mV 


Input Bias Current 








-800 


nA 


Input Offset Current 








200 


nA 


Large Signal Voltage Gain 


R L £2kQ 


15 






V/mV 


Output Voltage Swing 


R L £2kQ 


±10 






V 



For More Information, call 1-800-722-7074. 



Raytheon Semiconductor 



3-537 



RC3403A 



Electrical Characteristics 

(±V S = ±15V, T A +25°C) 







RC3403A 




Parameters 


Test Conditions 


Mln 

Will 1 


Tvn 
lyp 


Max 


Units 


Innnt Off cot X/nltano 






*t A 

2.0 


D A* 

6.0 


mV 


Input Bias Current 






-150 


-500 


nA 


Input Offset Current 






?n 

WW 




nA 


Input Voltage Range 








+Vo -2 


V 


Supply Current 


R L = ooOn All Op Amps 




o.\j 




mA 


Large Signal Voltage Gain 


R L £2kQ 


25* 


100 




V/mV 


Output Voltage Swing 


R L >10kn 


HO 


+14 




V 


Common Mode Rejection Ratio 


DC 


70 


90 




dB 


Channel Separation 


±1 kHz to 20kHz 




120 




dB 


Output Source Current 


+V, N = 1V,-V, N = 0V 


20 


40 




mA 


Output Sink Current 




10 


20 




mA 


Unity Gain Bandwidth 






1.0 




MHz 


Slew Rate 


A v = 1,-10 <V, N < + 10 




1.2* 




V/jiS 


Distortion (Crossover) 


F- 20kHz, V 0UT = 10V p_ p 




1.0 




% 


Power Bandwidth 


VQUT^OV^ 




40 




kHz 


Power Supply Rejection Ratio 




80 


94 




dB 



•Significantly improved performance. 
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Electrical Characteristics Comparison 
RC3403A, MC3403, LM324 



MAX Ratings 


RC3403A 


MC3403 


LM324 


Units 


Supply Voltage 


+36 or ±18 


+36 or ±18 


+32 or ±16 


V 


Differential Input Voltage 


36 


36 


32 


V 


Input Voltage 


36 


36 


32 


V 


Electrical Characteristics 


Mln 


Typ 


Max 


Mln 


Typ 


Max 


Mln 


Typ 


Max 


Units 


Test Conditions 




±15 






±15 






+5.0 




V 


Input Offset Voltage 




2.0 


6.0 




2.0 


8.0 




2.0 


7.0 


mV 


Input Offset Current 




±30 


±50 




±30 


±50 




±5.0 


±50 


nA 


Input Bias Current 




150 


500 




200 


500 




45 


500 


nA 


Input Voltage Range 


0 




+Vo 

TVg 

-2 


0 




+V Q -2 


0 




+Vo 

f Vg 

-1.5 


V 


Supply Current 




3.0 


5 0 




2.8 


70 




0.8 


2 0 


mA 


Large Signal Voltage Gain 


25 


100 




20 


200 






100 




V/mV 


Output Voltage Swing 


±13 


±14 




±10 


±13 




0 




+v s 

-1.5 


V 


Common Mode 
Rejection Ratio 


70 


90 




70 


90 






85 




dB 


Power Supply 
Rejection Ratio 


80 


94 




76 


90 






85 




dB 


Unity Gain Bandwidth 




1.0 






1.0 






1.0 




MHz 


Slew Rate 




1.2 






0.6 






0.4 




V/pS 


Output Sink Current 


10 


20 












20 




mA 


Output Source Current 


20 


40 










20 


40 




mA 


Channel Separation 




120 






120 






120 




dB 


Distortion (Crossover) 




1.0 






1.0 










% 



For More Information, call 1-800-722-7074. 



Raytheon Semiconductor 



3-539 



RC3403A 

Typical Performance Characteristics 

Open Loop Gain vs. Frequency 





120 




100 




80 




60 




40 


< 






20 




0 




-20 





































±15V - 
+25°C - 



































































































































10 100 1K 10K 100K 1M 
F(Hz) 

Output Voltage vs. Frequency 




Sinewave Response 




> 
5 
:> 
E 

s 



Note: Class AB output stage produces 
- distortionless sinewave 



50 nS/DIV. 
Output Swing vs. Supply Voltage 



40 



30 



J 20 
5 



10 



































T 


A = 


+25° 


C 







































































































































































































0 ±2 ±4 ±6 ±8 ±10 ±12 ±14 ±16 ±18 ±20 
+V S /-V S (V) 



Input Bias Current vs. Temperature 



400 



300 



% 200 



100 























































— \ 


f s= d 


:15V 





















































































































































































-75 -55 -35 -15 +5 +25 +45 +65 +85+1 05f 125 
T A (°C) 



Input Bias Current vs. Supply Voltage 



180 



170 



160 



150 



0 ±2 ±4 ±6 ±8 ±10 ±12 ±14 ±16 ±18 ±20 
+Vs/-V s (V) 
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Typical Applications 




*Polarity determined by desired relationship between 

pulse output level and LED "On" state. 65-0636 
Precision Voltage-to-Frequency Converter With Isolated Output 




65-0643 

Pulse Generator 



For More Information, call 1-800-722-7074. 
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Typical Applications (Continued) 



. = +Vs_ 



R2 

300K 




Squarewave 
Output 
-O 



4CR F R1 R2 + R1 



65-0644 



Function Generator 




v 0 ut = v r 



Ground Referencing a 
Differential Input Signal 



O Vqut 




3403A^-^~° V ° UT 

+> 

R1 

10K > R1 + V 

Vqut = ^ ^ = tl§ (As shown) 



R2 + R1 2 
2 



VQUT 

Voltage Reference 



65-0645 




O Output 2 



Note: Wide control voltage ranges: 
0V £ V c ^ 2(+V s -1.5V) 



65-0647 



Voltage Controlled Oscillator 
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Typical Applications (Continued) 



A « R1 

A V =1+ R2 
A v = 11 (As shown) 
Co 

j(— t-O V 0UT 




RC3403A 




A v = 10 (As shown) 



65-0649 



AC Coupled Non-Inverting Amplifier 65-0648 



AC Coupled Inverting Amplifier 




Fo A Center Frequency 
BW A Bandwidth 
R in ka 
C in HF 

Q= — <10 
BW 

C1-C2- §- 

R1 - R2 - 1 I 

R3«9Q 2 -1 J 



Design Example: 

Given: Q = 5, F 0 =1 kHz 
LetRI =R2 = 10k« 
Then R3 = 9 (5) 2 -10 
R3 = 215kfl 

C= |-= 1.6nF 



Use scaling factors in these expressions. 



65-0650 



If source impedance is high or varies, filter may be proceeded 
with voltage follower buffer to stabilize filter parameters. 



Multiple Feedback Bandpass Filter 




R1 

v refO — VW 



"in O" 



Hysteresis 















VOUT 

i 


i J 1 




V.NL 


! V INH 




Vref 



V.NL- (Vol- Vref) *Vref 

v....._ R1 (V 0H - Vref ) + Vref 

(Voh-Vql) 



R1 +R2 
R1 



R1 +R2 



65-0653 



Comparator With Hysteresis 



For More Information, call 1-800-722-7074. 
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Typical Applications (Continued) 

50K 




High Impedance Differential Amplifier Wein Bridge Oscillator 



v 'no— ]f 




T 1 13 


If 


Q 12 




Vref 



\{ O Notch Output 



Q. 

BW 
Where: 

T BP « Center Frequency Gain 
T N « Bandpass Notch Gain 



R1 



2icRC 
. QR 
R1 



R2« 

Tbp 

R3»T N R2 
C1 -10C 



Example: 
F 0 « 1000 Hz 
BW-IOOHz 
Tqp-1 

T n -1 
R-160kfl 
R1 -1.6Mft 
R2-1.6Mft 
R3-1.6MA 
C - 0.001 |iF 



Bi-Quad Filter 
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RC3403A 



Schematic Diagram (1/4 Shown) 




For More information, caii 1 -800-722-7074. Raytheon Semiconductor 
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RG4136 

General Performance Quad 741 Operational Amplifier 



Description 

The 4136 is made up of four 741 type independent 
high gain operational amplifiers internally 
compensated and constructed on a single silicon chip 
using the planar epitaxial process. 

This amplifier meets or exceeds all specifications for 
741 type amplifiers. Excellent channel separation 
allows the use of the 4136 quad amplifier in all 741 
operational amplifier applications providing the 
highest possible packaging density. 

The specially designed low noise input transistors 
allow the 41 36 to be used in low noise signal 
processing applications such as audio preamplifiers 
and signal conditioners. 



Features 

♦ Unity gain bandwidth — 3 MHz 

♦ Short circuit protection 

♦ No frequency compensation required 

♦ No latch-up 

♦ Large common mode and differential volt- 
age ranges 

♦ Low power consumption 

♦ Parameter tracking over temperature range 

♦ Gain and phase match between amplifiers 



For More Information, call 1-800-722-7074. 
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Connection Information 



E 
E 
II 
E 
E 
E 



Package 

(Top View) 



14 



3 
H 
3 
3 

g 

3 
II 



Pin 


Function 


1 


-Input (A) 


2 


+lnput (A) 


3 


Output (A) 


4 


Output (B) 


5 


+lnput (B) 


6 


-Input (B) 


7 


-v s 


8 


-Input (C) 


9 


+lnput (C) 


10 


Output (C) 


11 


+V S 


12 


Output (D) 


13 


+lnput (D) 


14 


-Input (D) 



Thermal Characteristics 





14-Lead 
Small 
Outline 


14-Lead 14-Lead 
Plastic Ceramic 
DIP DIP 


Max. Junction Temp. 


+125°C 


+125°C +175°C 


Max. P D T A <50°C 


300 mW 


468 mW 1042 mW 


Therm. Res 0j C 




- 60X/W 


Therm. Res. 6j A 


200°C/W 


160°C/W 120X/W 


For T A >50°C Derate 
at 


5.0 mW 
per *C 


6.25 mW 8.38 mW 
per *C per # C 



Absolute Maximum Ratings 

Supply Voltage 

RM4136 ±22V 

R04136 ±18V 

Input Voltage 1 ±30V 

Differential Input Voltage 30V 

Output Short Circuit Duration 2 Indefinite 

Storage Temperature 

Range -65°Cto+150°C 

Operating Temperature Range 

RM4136 -55°C to +125°C 

RC4136 0°C to +70°C 

Lead Soldering Temperature 

(DIP, 60 sec) +300°C 

(SO-14, 10 sec) +260*C 

Notes: 

1. For supply voltages less than ±15V, the absolute 
maximum input voltage is equal to the supply voltage. 

2. Short circuit may be to ground, typically 45 mA. 



Ordering Information 







Operating 


Part Number 


Package 


Temperature 






Range 


RC4136N 


N 


0°C to +70°C 


RC4136M 


M 


0°Cto+70°C 


RM4136D 


D 


-55°Cto+125°C 


RM4136D/883B 


D 


-55°Cto+125°C 



Notes: 

883B suffix denotes Mil-Std-883, Level B processing 
N = 14-lead plastic DIP 
D = 14-lead ceramic DIP 
M = 14-lead plastic SOIC 
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RC4136 

Electrical Characteristics 

(V s = ±15V and T A = +25 , C, unless otherwise noted) 



Parameters 


Test Conditions 


RM4136 


RC4136 


Units 


Min 


Typ 


Max 


Min 


Typ 


Max 


Input Offset Voltage 


R s £l0kQ 




0.5 


5.0 




0.5 


6.0 


mV 


Input Offset Current 






5.0 


200 




5.0 


200 


nA 


Input Bias Current 






40 


500 




40 


500 


nA 


Input Resistance 




0.3 


5.0 




0.3 


5.0 




MQ 


Large Signal Voltage Gain 


R L £2ka V OUT = ±10V 


50 


300 




20 


300 




V/mV 


Output Voltage Swing 


R L 2>10kG 


±12 


±14 




±12 


±14 




V 


R L £2kQ 


±10 


±13 




±10 


±13 






Input Voltage Range 




±12 


±14 




±12 


±14 




V 


Common Mode Rejection Ratio 
Power Supply Rejection Ratio 


R s ^10k£2 


70 


100 




70 


100 




dB 


R s <10kQ 


76 


100 




"TO 

76 


100 




dB 


Power Consumption 


= oo, All Outputs 




210 


340 




210 


340 


mW 


Transient Response 


















Rise Time 


V, N = 20mV,R L = 2kn 




0.13 






0.13 




MS 


Overshoot 


C L <100pF 




5.0 






5.0 




% 


Unity Gain Bandwidth 






3.0 






3.0 




MHz 


Slew Rate 


R L £2kfl 




1.5 






1.0 




V/|jS 


Channel Separation 


F= 1.0kHz, R s =1kD 




90 






90 




dB 


The following specifications apply for RM = -55°C s T A < = 125° RC = 0°C £ T A s = 70°, V s = ± 15V 


Input Offset Voltage 


R s <10kQ 






6.0 






7.5 


mV 


Input Offset Current 








500 






300 


nA 


Input Bias Current 








1500 






800 


nA 


Large Signal Voltage Gain 


R L £2kQV OUT = ±10V 


25 






15 






V/mV 


Output Voltage Swing 


R L £2kQ 


±10 






±10 






V 


Power Consumption 






240 


400 




240 


400 


mW 



For More Information, call 1 -800-722-7074. 
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Electrical Characteristics Comparison 

(V s = ±15V and T A +25'C unless otherwise noted) 



Parameter 


RC4136(Typ) 


RC741(Typ) 


1 II4AJI/T>m\ 

LM324(Typ) 


Units 


Input Offset Voltage 


0.5 


2.0 


2.0 


mV 


Inout Offset Current 


5.0 


10 


5.0 


nA 


Input Bias Current 


40 


80 


55 


nA 


Inout Resistance 


5.0 


2.0 




MQ 


Large Signal Voltage Gain (R L = 2kQ) 


300 


200 


100 


V/mV 


Output Voltage Swing (R L = 2kH) 


±13V 


±13V 


l+V s -1.2V| 
to-V s 


V 


Input Voltage Range 


±14V 


±13V 


| + V S -1.5V| 
tO-V s 


V 


Common Mode Rejection Ratio 


100 


90 


85 


dB 


Power Supply Rejection Ratio 


100 


90 


100 


dB 


Transient Response 
Rise Time 


0.13 


0.3 




US 


Overshoot 


5.0 


5.0 




% 


Unity Gain Bandwidth 


3.0 


0.8 


0.8 


MHz 


Slew Rate 


1.0 


0.5 


0.5 


V/wS 


Input Noise Voltage Density (F= 1kHz) 


10 


22.5 




nV/VHz 


Short Circuit Current 


±45 


±25 




mA 
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Typical Performance Characteristics 

Input Bias Current vs. of Temperature 

100 

80 



5* 60 

c 
«^ 

ca 

- 40 
20 
0 

















— \ 


/ s - ±1 


5V 





















































































































0 +10 +20 +30 +40 +50 +60 +70 
TaCC) 



RC4136 



Input Offset Current vs. Temperature 



25 
20 

~ 15 
J 10 
5 
0 



— v s 












= XIO 


V 





















































0 +10 +20 +30 +40 +50 +60 +70 
T A (°C) 



Input Common Mode Voltage Range vs. 
Supply Voltage 



Output Voltage vs. Supply Voltage 




±4 ±6 ±8 ±10 ±12 ±14 ±16 ±18 
+Vs/-V s (V) 




±4 ±6 ±8 ±10 ±12 ±14 ±16 ±18 
+Vs/-V 8 (V) 



Open Loop Gain vs. Temperature 



Power Consumption vs. Temperature 



800 



600 

E 

> 400 
200 



— v 


s= ±1£ 












)V - ■■ 










































F 


l L = 2k 


a 

















































0 +10 +20 +30 +40 +50 +60 +70 
T A (°C) 



240 
220 
1 200 
180 
160 

























= ±15V 












V s 







































































































0 +10 +20 +30 +40 +50 +60 +70 
T A (°C) 
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Typical Performance Characteristics (Continued) 
Open Loop Gain vs. Frequency 




10 100 1K 10K 100K 1M 10M 
F(Hz) 



Output Voltage Swing vs. Frequency 



40 
36 
32 
28 
S 24 
I 20 
16 
12 
8 
4 
0 
1 



>° 



00 































III Mill 






























li 


' S = ±15V 
r A *+25 # C ... 
\ = 2k£2 
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1K 



10K 
F(Hz) 



100K 



1M 



Input Noise Voltage Density vs. Frequency 



Input Noise Current Density vs. Frequency 



1000 



100 



> 

c 



-F 10 




10 100 1K 10K 100K 
F(H2) 



100 




Output Voltage Swing vs. Load Resistance 



28 
26 
24 
_ 22 
20 

I « 

8 16 

> 14 
12 
10 



I I 

V S =±15V 



























































































































































































































































0.1 



1.0 



10 



10 
8 

< 6 
° 4 

2 

0 



Quiescent Current vs. 
Supply Voltage 





+25°C 



























































0 ±3 ±6 ±9 ±12 ±15 ±18 
+Vs/-V s (V) 
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Typical Performance Characteristics (Continued) 



RC4136 



Follower Large Signal 
Pulse Response 



Transient Response 
Output Voltage vs. Time 



10 
8 
6 
4 
2 
0 
-2 
-4 
-6 
-8 
-10 





140 




120 




100 


m 


80 
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60 




40 
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I I I 
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f s = ±15V 
r A = +25°C~~ 














1 








Ou 


put 
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Inpi 













































































0 10 20 30 

Time ( US) 

Channel Separation vs. Frequency 



40 



. V s = ±15V 
T A = +25°C 

I I I I Mill 



10 



100 



1K 
F(Hz) 



10K 



100K 



! 



28 
24 
20 
16 
12 
8 
4 
0 







































9 










v s = 


t15V 












T A «+25*C 
R. = 2k£2 




0% j 








C L -1 


00 pF 






k 


3% Rise ' 


Time 





















0 0.25 0.50 0.75 1.00 1.25 
Time ( MS) 

Total Harmonic Distortion vs. Frequency 



0.6 

0.5 
* 0.4 
g 0.3 
0.2 
0.1 



















i 1 1 nun i 

Vqut ■ 1 Vrus 


























5 = 
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t30V 
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10 



100 



1K 
F(Hz) 



10K 



100K 



Total Harmonic Distortion vs. Output Voltage 



0.6 
0.5 
0.4 
0.3 
0.2 
0.1 
0 



1 







= ±1, 
= 2K 
r=40< 
= 1kH 
















V s 
Rl 


5V - 














A V 

F = 


iB 
z 














Rs 


= 1kJ 














































-J 





































4 5 6 
Vout (V RMS ) 



8 9 10 
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4136 Versus 324 



Although the 324 is an excellent device for single- 
supply applications where ground sensing is 
important, it is a poor substitute for four 741s in split 
supply circuits. The simplified input circuit of the 4136 



exhibits much lower noise than that of the 324 and 
exhibits no crossover distortion as compared with the 
324 (see illustration). The 324 shows significant 
crossover distortion and pulse delay in attempting to 
handle a large signal input pulse. 
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Typical Applications (Continued) 



Lamp Driver 



Power Amplifier 




•±r 65-0520 




OV 0 



Voltage Follower 



Comparator with Hysteresis 



V| N o- 




-o v Q 



65-0519 



10K 
O WV 




10M 
-AAAr 



-O V 0UT 



65-0522 



DC Coupled 1 kHz Lowpass Active Filter 



Squarewave Oscillator 



V| N 16K 

o — VvV 




VoUT 




+ v s o — VVV 



:ui_n_ 



65-0521 
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Typical Applications (Continued) 



RC4136 



1 kHz Bandpass Active Filter 



V, N 390K O- 0 ).^ 

O-A/vV 



620K« 




AC Coupled Non-Inverting Amplifier 

1M 

J VW- 



VoUT 




-O V OUT 



65-0526 

AC Coupled Inverting Amplifier 




VoUT 



65-0524 



■=■ 65-0525 



Voltage Control Oscillator (VCO) 




Output 1 
Output 2 



* Wide control voltage range: 0V < Vc < 2(+Vs-1.5V) 



65-0528 
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Typical Applications (Continued) 



Full-Wave Rectifier and Averaging Filter 



20K 2.5K 
1% Cal 



AA/v-^V--t-0 



AC 
Input 




DC 
Output 
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Notch Filter Using the 4136 as a Gyrator 

R2 
30K 
-AAAr- 



Input 




Output 
Trim R, such that 

R1 R3 
R2 = 2R4 



Notch Frequency vs. C1 



10K 



n 



O 100 




0.0001 0.001 0.001 0.01 1.0 
Center Frequency (Hz) 



3-558 



Raytheon Semiconductor 



For More Information, call 1-800-722-7074. 



RC4136 



Typical Applications (Continued) 

Multiple Aperture Window Discriminator 




O V IN <V4 



O V3<V, N <V4 



O V2<V, N <V3 



O V, N <V1 
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Differential Input Instrumentation Amplifier with High 
Common Mode Rejection 
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Typical Applications (Continued) 



Analog Multiplier/Divider 
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Typical Applications (Continued) 



Spot Noise Measurement Test Circuit 



49.9Q1 
|— AAAr 

— VW 

49.9a 



DC-IHzn 
<i)Out 




78.7K 



Spot Noise 
Out 



1mV= 1nV//Hz 
RMS 



Stepped 10 dB 
Attenuator 



499ft 



1 kHz | Selectable Frequency 
Constant Q Filter 
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Schematic Diagram 
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RC4156/RC4157 

High Performance Quad Operational Amplifiers 



Description 

The 4156 and 4157 are monolithic integrated circuits, 
consisting of four independent high performance 
operational amplifiers constructed with an advanced 
epitaxial process. 

These amplifiers feature guaranteed AC performance 
which far exceeds that of the 741 type amplifiers. 
Also featured are excellent input characteristics and 
guaranteed low noise, making this device the optimum 
choice for audio, active filter and instrumentation 
applications. The 4157 is a decompensated version 
of the 4156 and is AC stable in gain configurations of - 
5 or greater. 



Features 

♦ Unity gain bandwidth for 41 56 — 3.5 MHz 

♦ Unity gain bandwidth for 41 57 — 1 9 MHz 

♦ High slew rate for 41 56 — 1 .6 V/^iS 

♦ High slew rate for 4157 — 8.0V/jls 

♦ Low noise voltage —1 .4 nV RMS 

♦ Indefinite short circuit protection 

♦ No crossover distortion 



For More Information, call 1-800-722-7074. 
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Connection Information 



14-Lead 
Dual In-Line Package 

(Top View) 

■ — <J 



E 
E 
E 
E 

E 
E 



3 



IE 
53 



E 



Pin 


Function 


1 


Output (A) 


2 


-Input (A) 


3 


+lnput (A) 


4 


+v s 


5 


+lnput (B) 


6 


-Input (B) 


7 


Output (B) 


8 


Output (C) 


9 


-Input (C) 


10 


+lnput (C) 


11 


-v s 


12 


+lnput (D) 


13 


-Input (D) 


14 


Output (D) 
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Ordering Information 







Operating 


Part Number 


Package 


Temperature 






Range 


RC4156N 


N 


0°C to +70°C 


R04156M 


M 


0°C to +70°C 


RC4156D 


D 


0°C to +70°C 


RC4157N 


N 


0°C to +70°C 


RC4157M 


M 


0°C to +70°C 


RM4156D 


D 


-55°C to +125°C 


RM4156D/883B 


D 


-55°C to +125°C 



Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
N = 14-lead plastic DIP 
D = 14-lead ceramic DIP 
M = 14-lead plastic SOIC 



Absolute Maximum Ratings 



Supply Voltage ±20V 

Differential Input Voltage 30V 

Input Voltage 1 ±15V 

Output Short Circuit Duration 2 Indefinite 

Storage Temperature 

Range -65°C to +150°C 

Operating Temperature Range 

RM4156/4157 -55°C to +125°C 

RC41 56/41 57 0°C to +70°C 

Lead Soldering Temperature 

(DIP; 60 sec) +300°C 

(SO-14;10sec) +260°C 



Notes: 

1. For supply voltages less than ±15V, the absolute maximum 
input voltage is equal to the supply voltage. 

2. Short circuit to ground on one amplifier only. 
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Thermal Characteristics 





14-Lead 


14 Lead 


14 Lead 




Plastic SO-14 


Plastic DIP 


Ceramic DIP 


Max. Junction Temp. 


+125°C 


+125°C 


+175°C 


Max. P D T A <50°C 


300mW 


468mW 


1042mW 


Therm. Res 9jq 






60°C/W 


Therm. Res. 8j A 


200°C/W 


160°C/W 


120°C/W 


ForT A >50°C Derate at 


5.0 mW/°C 


6.25 mW/°C 


8.38 mW/°C 



Electrical Characteristics 

(V s = ±1 5V, RM = -55°C £ T A < +1 25°C, RC = 0°C <; T A < +70°C) 



Parameters 


Test Conditions 


RM41 56/41 57 


RC4156/4157 


Units 


MIn 


■VP 


Max 


MIn 


Typ 


Max 


Input Offset Voltage 


R s <10kn 






5.0 






6.5 


mV 


Input Offset Current 








75 






100 


nA 


Input Bias Current 








320 






400 


nA 


Large Signal Voltage Gain 


R L £2kftV OUT ±10V 


25 






15 






V/mV 


Output Voltage Swing 


R L >2kfl 


±10 






±10 






V 


Supply Current 






10 






10 




mA 


Average Input Offset Voltage Drift 






5.0 






5.0 




nv/°c 
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Electrical Characteristics 

(V s = ±15V and T A = +25°C unless otherwise noted) 



Parameters 


Test Conditions 




4156/4157 


RC 


4156/41 


57 


Units 


Mln 


TVP 


Max 


Mln 


Typ 


Max 


Input Offset Voltage 


R s £10kQ 




0.5 


3.0 




1.0 


5.0 


mV 


Input Offset Current 






15 


30 




30 


50 


nA 


Input Bias Current 






60 


200 




60 


300 


nA 


Input Resistance 






0.5 






0.5 




Ma 


Large Signal Voltage Gain 


R L >2k£2,V OUT ±10V 


50 


100 




25 


100 




V/mV 


Output Voltage Swing 


R L £10kQ 


±12 


±14 




±12 


±14 




V 


R L £2k£i 


±10 


±13 




±10 


±13 




V 


Input Voltage Range 




±12 


±14 




±12 


±14 




V 


Output Resistance 












230 






Short Circuit Current 






25 






25 




mA 


Common Mode Rejection Ratio 


R s <10lcQ 


80 






80 






dB 


Power Supply Rejection Ratio 


R s £l0kft 


80 






80 






dB 


Supply Current (All Amplifiers) 


R L = oo 




4.5 


5.0 




5.0 


7.0 


mA 


Transient Response (4156) 
Rise Time 






60 






60 




ns 


rV/o re h oa+ 






25 










0/ 

/o 


Slew Rate 




1.3 


1.6 




1.3 


1.6 




V/nS 


Unity Gain Bandwidth (4156) 




2.8 


3.5 




2.8 


3.5 




MHz 


Phase Margin (4156) 


R L = 2kftC L = 50 pF 




ou 






50 




% 


Transient Response (4157) 
Rise Time 


A v = -5 




50 






50 




nS 


Overshoot 






25 






25 




% 


Slew Rate 




6.5 


fl 0 

o.w 




6.5 


8.0 




V/uS 


unny oain banowiain i4io// 


Ay = - 0 


10 


19 




10 


iy 




MHZ 


Phase Margin (4157) 


A v = - 5R L = 2 kQ, 
C L = 50 pF 




50 






50 




% 


Power Bandwidth 


V O UT = 20Vp. P 


20 


25 




20 


25 




kHz 


Input Noise Voltage 


F= 20 Hz to 20 kHz 




1.4 


2.0 




1.4 


2.0 


M-Vrms 


Input Noise Current 


F = 20Hzto20kHz 




15 






15 




PArms 


Channel Separation 






108 






108 




dB 
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Typical Performance Characteristics 

Open Loop Gain, Phase vs. Frequency 



PSRR vs. Temperature 




10 



10 100 1K 10K 100K 1M 10M 
F(Hz) 



140 
120 
100 

CD 

2, 80 

I 60 

40 
20 
0 















+ v 














--v s 



















































































































-100 -75 -50 -25 0 +25+50 +75+100+125+150 
T A (°C) 

Channel Separation vs. Frequency 



100K 

-AW — i 



100 



1K 

F(Hz) 



10K 



100K 




4156/57 

+ 



100K 

-AAA — i 



C.S. -20 log ( VouTC ) 
lOOVouTi 




4156/57 

+ 
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Transient Response vs. Temperature 



8£ 

*0 



1.3 
1.2 
1.1 
1.0 
0.9 
0.8 
0.7 
0.6 



-100 -75 -50 -25 0 +25 +50 +75+1 00f125f 150 
T A (°C) 



Input Noise Voltage, Current Density 
vs. Frequency 





35 
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25 
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20 


> 

c 
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1K 
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Typical Performance Characteristics (Continued) 



Slew Rate, Bandwidth vs. Temperature 




Slew Rate, Bandwidth vs. Supply Voltage 
1.1 



«n 1.0 
0.9 

oc n 
(/> 75 
E 



0.8 



0.7 





















BW i 
















f 5H ana 

RW 













































0 ±2 ±5 



±10 
±V S (V) 



±15 ±20 
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Typical Performance Characteristics (Continued) 



RC4156/RC4157 



Input Bias, Offset Current vs. Temperature 
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CMRR vs. Temperature 
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Applications 

The 4156 and 4157 quad operational amplifiers can 
be used in almost any 741 application and will provide 
superior performance. The higher unity gain 
bandwidth and slew rate make it ideal for applications 
requiring good frequency response, such as active 
filter circuits, oscillators and audio amplifiers. 

The following applications have been selected to 
illustrate the advantages of using the Raytheon 4156 
and 4157 quad operational amplifiers. 

Triangle and Square Wave Generator 

The circuit of Figure 1 uses a positive feedback loop 
closed around a combined comparator and integrator. 
When power is applied the output of the comparator 
will switch to one of two states, to the maximum 
positive or maximum negative voltage. This applies a 
peak input signal to the integrator, and the integrator 
output will ramp either down or up, opposite of the 
input signal. When the integrator output (which is 
connected to the comparator input) reaches a 
threshold set by R1 and R2, the comparator will 
switch to the opposite polarity. This cycle will repeat 
endlessly, the integrator charging positive then 
negative, and the comparator switching in a square 
wave fashion. 



The amplitude of V 2 is adjusted by varying R1 . For 
best operation, it is recommended that 
R1 and V R be set to obtain a triangle wave at V 2 with 
±12V amplitude. This will then allow A3 and A4 to be 
used for independent adjustment of output-offset and 
amplitude over a wide range. 

The triangle wave frequency is set by CO, RO, and the 
maximum output voltages of the comparator. A more 
symmetrical waveform can be generated by adding a 
back-to-back Zener diode pair as shown in Figure 2. 

An asymmetric triangle wave is needed in some 
applications. Adding diodes as shown by the dashed 
lines is a way to vary the positive and negative slopes 
independently. 

The frequency range can be very wide and the circuit 
will function well up to about 10 kHz. The square wave 
transition time at V 1 is less than 21 nS when using the 
4156. 
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+12V 



+15V 



30K« 



V R s 0.12V 



1K, 




1 V1 



Square Wave 
Output 



« — Mty — *-\W-* 



R2 
20K 
-AAAr 



1 

Comparator 



* Optional - asymmetric ramp slopes 




! <*K>0K j 10K 4156/57^ 
K>|"A/VV* 5 + B 



Amplitude 
Adjust 



OV4 



j"xfii Triangle 
Wave 
Output 



Figure 1. Triangle and Square Wave Generator 




AAAr— 



R1 

65-2051 

Figure 2. Triangle Generator — Symmetrical Output Option 



Active Filters 

The introduction of low-cost quad op amps has had a 
strong impact on active filter design. The complex 
multiple-feedback, single op amp filter circuits have 
been rendered obsolete for most applications. State- 
variable active-filter circuits using three to four op 
amps per section offer many advantages over the 
single op amp circuits. They are relatively insensitive 
to the passive-component tolerances and variations. 
The Q, gain, and natural frequency can be 
independently adjusted. Hybrid construction is very 
practical because resistor and capacitor values are 
relatively low and the filter parameters are determined 
by resistance ratios rather than by single resistors. A 



generalized circuit diagram of the 2-pole state-variable 
active filter is shown in Figure 3. The particular input 
connections and component-values can be calculated 
for specific applications. An important feature of the 
state-variable filter is that it can be inverting or non- 
inverting and can simultaneously provide three 
outputs: lowpass, bandpass, and highpass. A notch 
filter can be realized by adding one summing op amp. 

The 4156 was designed and characterized for use in 
active filter circuits. Frequency response is fully 
specified with minimum values for unity-gain 
bandwidth, slew-rate, and full-power response. 
Maximum noise is specified. 
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V1 

o- 



V N 
O- 



R5 
100K 

<vw 

R4 
10K 

AM 1 




1 < - J WVrJ^ 



5 




' Input connections are chosen for inverting or non-inverting response. Values of 
R3.R7.R8 determine gain and Q. 

* Values of R1 and R2 determine natural frequency. 65-0751 
Figure 3. 2 - Pole State-Variable Active Filter 



Output swing is excellent with no distortion or clipping. 
The 4156 provides full, undistorted response up to 20 
kHz and is ideal for use in high-performance audio 
and telecommunication equipment. 

In the state-variable filter circuit, one amplifier 
performs a summing function and the other two act as 
integrators. The choice of passive component values 
is arbitrary, but must be consistent with the amplifier 
operating range and input signal characteristics. The 
values shown for C1, C2, R4, R5 and R6 are arbitrary. 
Pre-selecting their values will simplify the filter tuning 
procedures, but other values can be used if 
necessary. 

The generalized transfer function for the state-variable 
active filter is: 



T(s) = 



a2s2 + a<|S + a0 
s^ + b-jS + bg 



Filter response is conventionally described in terms of 
a natural frequency cog in radians/sec, and Q, the 
quality of the complex pole pair. The filter parameters 
cog and Q relate to the coefficients in T(s) as: 



®0 



a V~Ba and Q = ^ 
b 0 



The input configuration determines the polarity 
(inverting or non-inverting), and the output selection 
determines the type of filter response (lowpass, 
bandpass, or highpass). 

Notch and all-pass configurations can be implemented 
by adding another summing amplifier. 

Bandpass filters are of particular importance in audio 
and telecommunication equipment. A design 
approach to bandpass filters will be shown as an 
example of the state-variable configuration. 



Design Example — Bandpass Filter 

For the bandpass active filter (Figure 4) the input 
signal is applied through R3 to the inverting input of 
the summing amplifier and the output is taken from 
the first integrator (V BP ). The summing amplifier will 
maintain equal voltage at the inverting and non- 
inverting inputs (see equation on next page). 
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100K 654)752 

Figure 4. Bandpass Active Filter 



R3R5 R3R4 R4R5 

H4 + — — — no + — — — no + — — — 

R3 + R5 R3 + R4 R4 + R5 

These equations can be combined to obtain the transfer function: 
Vbp (S) = " Rlk Vhp (S) 3nd Vlp (S) - "MSB Vbp (S) 



Vbp(s) 
Vin(s) 



_R4 
R3 



- R1C1 S 



S 2 



R7 
R6 + R7 



( 1 + R5 + R3 ) (r1Ci) S+ (rs) (r1C1R2C2) 



Defining 1/R1C1 as ©1, 1/R2C2 as ©2, and 
substituting in the assigned values for R4, R5, 
and R6, then the transfer function simplifies to: 



Vbp(s) 
Vin(s) 



10 4 

— ©1S 
R3 



S 2 



10 4 
R3 

A 10 5 
1+ R7 



©is + 



©1 ©2 



This is now in a convenient form to look at 
the center-frequency ©0 and filter Q. 



©0 



©1©2 



andQ = 



©0= 10' 9 1/0.1 R1R2 



' 10 5 
1+ R7 

R3 



©0 



The frequency response for various values of Q 
are shown in Figure 5. 
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1 . The passive component values should be chosen 
such that all op amps are operating within their linear 
region for the anticipated range of input signals. Slew 
rate, output current rating, and common-mode input 
range must be considered. For the integrators, the 
current through the feedback capacitor (I = C dV/dt) 
should be included in the output current computations. 

2. From the equation for Q, it should seem that 
infinite Q could be obtained by making R7 zero. But 
as R7 is made small, the Q becomes limited by the op 
amp gain at the frequency of interest. The effective 
closed-loop gain is being increased directly as R7 is 
made smaller, and the ratio of open-loop gain to 
closed-loop gain is becoming less. The gain and 
phase error of the filter at high Q is very dependent on 
the op amp open-loop gain at % 

3. The attenuation at extremes of frequency is 
limited by the op amp gain and unity-gain bandwidth. 
For integrators, the finite open-loop op amp gain limits 
the accuracy at the tow-end. The open-loop roll-off of 
gain limits the filter attenuation at high frequency. 

The 4156 quad operational amplifier has much better 
frequency response than a conventional 741 circuit 
and is ideal for active filter use. Natural frequencies of 
up to 1 0 kHz are readily achieved and up to 20 kHz is 
practical for some configurations. Q can range up to 
50 with very good accuracy and up to 500 with 
reasonable response. The extra gain of the 4156 at 
high frequencies gives the quad op amp an extra 
margin of performance in active-filter circuits. 




Vb. 



CO 
Wo 



CO 
too 



n/Hw7I + (-^) 2 



Figure 5. Bandpass Transfer 
Characteristics Normalized for 
Unity Gain and Frequency 

These equations suggest a tuning sequence where co 
is first trimmed via R1 or R2, then Q is trimmed by 
varying R7 and/or R3. An important advantage of the 
state-variable bandpass filter is that Q can be varied 
without affecting center frequency % 

This analysis has assumed ideal op amps operating 
within their linear range, which is a valid design 
approach for a reasonable range of co 0 and Q. At 
extremes of coq and at high values of Q, the op amp 
parameters become significant. A rigorous analysis is 
very complex, but some factors are particularly 
important in designing active filters. 
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Schematic Diagram (1/4 shown) 
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RC4558 

Dual High-Gain Operational Amplifier 



Description 

The 4558 integrated circuit is a dual high-gain 
operational amplifier internally compensated and 
constructed on a single silicon IC using an advanced 
epitaxial process. 

Combining the features of the 741 with the close 
parameter matching and tracking of a dual device on 
a monolithic chip results in unique performance 
characteristics. Excellent channel separation allows 
the use of this dual device in dense single 741 
operational amplifier applications. It is especially well 
suited for applications in differential-in, differential-out 
as well as in potentiometric amplifiers and where gain 
and phase matched channels are mandatory. 



Features 

♦ 2.5 MHz unity gain bandwidth 

♦ Supply voltage 122V for RM4558 and ±1 8V 
for RC/RV4558 

♦ Short-circuit protection 

♦ No frequency compensation required 

♦ No latch-up 

♦ Large common-mode and differential voltage 
ranges 

♦ Low power consumption 

♦ Parameter tracking over temperature range 

♦ Gain and phase match between amplifiers 
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Connection Information 



8-Lead 
TO-99 Metal Can 
(Top View) 



8-Lead 
Dual In-Line Package 
(Top View) 





8-Lead Plastic 
Dual In-Line SO-8 

(Top View) 



E P 
d 
DE 
E 



H 
3 
H 
13 



Pin 


Function 


1 


Output (A) 


2 


-Input (A) 


3 


+lnput (A) 


4 


-v s 


5 


+lnput (B) 


6 


-Input (B) 


7 


Output (B) 


8 


+ V S 



Ordering Information 







Operating 


Part Number 


Package 


Temperature 






Range 


RC4558M 


M 


0 u Cto+70 M C 


RC4558N 


N 


O-Cto+70-G 


RM4558D 


D 


-55 # C to +125 # C 


RM4558D/883B 


D 


-55*C to +125°C 


RM4558T 


T 


-55 # C to +125 # C 



Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 

N = 8-lead plastic DIP 

D = 8-lead ceramic DIP 

T = 8-lead metal can (TO-99) 

M = 8-lead plastic SOIC 



Absolute Maximum Ratings 

Supply Voltage 

RM4558 ±22V 

RC4558 ±18V 

Input Voltage 1 ±15V 

Differential Input Voltage 30V 

Output Short Circuit Duration 2 Indefinite 

Operating Temperature Range 

RM4558 -55°C to +125°C 

RC4558 0°C to +70°C 

Lead Soldering Temperature 

(SO-8; 10 sec) +260°C 

Lead Soldering Temperature 

(DIP, TO-99; 60 sec) +300°C 

Notes: 

1. For supply voltages less than -15V, the absolute maximum 
input voltage is equal to the supply voltage. 

2. Short circuit may be to ground on one op amp only. Rating 
applies to +75°C ambient temperature. 
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Thermal Characteristics 





8-Lead 
Small Outline 


8-Lead 
Plastic 
DIP 


8-Lead 

Ceramic 
DIP 


8-Lead 
TO-99 
Metal Can 


Max. Junction Temp. 


+125°C 


+125°C 


+175°C 


+175°C 


Max. P D T A <50*C 


300 mW 


468 mW 


833 mW 


658 mW 


Therm. Res 9jq 






45°C/W 


50°C/W 


Therm. Res. 9 JA 


240°C/W 


160°C/W 


150°C/W 


190°C/W 


For T A >50*C Derate at 


4.17 mW/°C 


6.25 mW/°C 


8.33 mW/°C 


5.26 mW/°C 



Matching Characteristics 

(V s = ±15V, = +25°C unless otheiwise specified) 



Parameter 


Test 
Conditions 


RM/RC4558 
Typ 


Units 


Voltage Gain 


R L >2kn 


±1.0 


dB 


Input Bias Current 


R L >2kQ 


±15 


nA 


Input Offset Current 


R L >2kn 


±7.5 


nA 



For More Information, call 1-800-722-7074. 
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Electrical Characteristics 

(V s = ±15V and T A = +25°C unless otherwise specified) 



Parameters 


Test Conditions 


RM4558 


RC4558 


Units 


Mln 


Typ 


Max 


Mln 


T yp 


Max 


Input Offset Voltage 


R s <10kQ 




1.0 


5.0 




2.0 


6.0 


mV 


Input Offset Current 






5.0 


200 




5.0 


200 


nA 


Input Bias Current 






40 


500 




40 


500 


nA 


Input Resistance 




0.3 


1.0 




0.3 


1.0 




MO 


Large Signal Voltage Gain 


R L £2kaV OUT = ±10V 


50 


300 




20 


300 




V/mV 


Output Voltage Swing 


R L £10kG 


±12 


±14 




±12 


±14 




V 


R L £2kQ 


±10 


±13 




±10 


±13 




V 


Input Voltage Range 




±12 


±13 




±12 


±13 




V 


Common Mode Rejection Ratio 


R s £*l0kQ 


70 


100 




70 


100 




dB 


Power Supply Rejection Ratio 


R s £l0kQ 


76 


100 




76 


100 




dB 


Power Consumption 


R L = 00 




100 


170 




100 


170 


mW 


Transient Response 
Rise Time 
Overshoot 


V, N = 20 mV 
R L = 2ka 




0.3 






0.3 




MS 


C L *100pF 




35 






35 




% 


Slew Rate 


R L >2kQ 




0.8 






0.8 




V/uS 


Channel Separation 


F = 10kHz, R s = 1ka 




90 






90 




dB 


Unity Gain Bandwidth (Gain = 1) 




2.5 


3.0 




2.0 


3.0 




MHz 


The following specifications apply for RM = -55°C < T A < +125°C, RC = 0° < T A £ +70°C 


Input Offset Voltage 


R s <10kQ 






6.0 






7.5 


mV 


Input Offset Current 
RC4558 








500 






300 


nA 


Input bias Current 
RC4558 








1500 






800 


nA 


Large Signal Voltage Gain 


R L >2kU V OUT = ±10 


25 






15 






V/mV 


Output Voltage Swing 


R L >2kH 


±10 






±10 






V 


Power Consumption 


R L = oo 




120 


200 




120 


200 


mW 
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Typical Performance Characteristics 

Input Bias Current vs. Temperature 
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Input Offset Current vs. Temperature 
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Typical Performance Characteristics (Continued) 

Output Voltage Swing vs. Supply Voltage Output Voltage Swing vs. Load Resistance 
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Follower Large Signal Pulse Response 
Output Voltage vs. Time 
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Typical Performance Characteristics (Continued) 

Input Noise Current Density vs. Frequency 
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Typical Applications 

Voltage Follower Lamp Driver 




65-0229 




Squarewave Oscillator 



o.oomF=T= 



+Vso— WV 

100K 



100K 




OV 0 



oLTLTL 



65-0232 
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Typical Applications (Continued) 

DC Coupled 1kHz Low-Pass Active Filter 

16K 

V, N O VW-1 1 1 T — O Vqut 



100K 




100K 



=T 65-0233 



RC4558 



AC Coupled Non-Inverting Amplifier 

1M 



-AAAr 



100K« 



* 1M 



+V 8 
4558A 



100K 
-AAAr 



-O+Vs 



10 \iF ^ 100K 



MOK 



1kHz Bandpass Active Filter 



V W 390K ^ 

O-AAAr 




OVour 



AC Coupled Inverting Amplifier 



100K 
l WAr- 



v in cHh i wv- 



+v s o Wr- 



100K 




-O V OUT 



MOK 



Z=10jiF > 100K 



65-0236 



Voltage Controlled Oscillator (VCO) 

0.05 pF 




AA/ 

o v 0UT2 



* Wide control voltage range: 0V < V < 2(+V s - 1 .5V S ) 

65-0237 
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Schematic Diagram 
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RC4559 

High-Gain Dual Operational Amplifier 



Description 

The 4559 integrated circuit is a high performance dual 
operational amplifier internally compensated and 
constructed on a single silicon chip using an 
advanced epitaxial process. 

These amplifiers feature guaranteed AC performance 
which far exceeds that of the 741 -type amplifiers. The 
specially designed low-noise input transistors allow 
the 4559 to be used in low-noise signal processing 
applications such as audio preamplifiers and signal 
conditioners. 

The 4559 also has more output drive capability than 
741 -type amplifiers and can be used to drive a 600Q 
load. 



Features 

♦ Unity gain bandwidth — 4.0 MHz 

♦ Slew rate — 2.0 V/nS 

♦ Low noise voltage — 1 .4 ixV RMS 

♦ Supply voltage — d22V for RM4559 and 
±18Vfor RC/RV4559 

♦ No frequency compensation required 

♦ No latch up 

♦ Large common mode and differential voltage 
ranges 

♦ Low power consumption 

♦ Parameter tracking over temperature range 

♦ Gain and phase match between amplifiers 



For More Information, call 1-800-722-7074. 
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Connection Information 



Ordering Information 



8-Lead 
TO-99 Metal Can 
(Top View) 



8-Lead 
Dual In-Line Package 
(Top View) 




E 
E 
d 
E 



8-Lead Plastic 
Dual In-Line SO-8 

(Top View) 



E 
E 
E 
E 



3 
3 
H 
H 



Pin 


Function 


1 


Output (A) 


2 


-Input (A) 


3 


+lnput (A) 


4 




5 


+lnput (B) 


6 


-Input (B) 


7 


Output (B) 


8 


+V S 







Operating 


Part Number 


Package 


Temperature 






Range 


RC4559M 


M 


0'Cto+70°C 


RC4559N 


N 


(TC to +70 # C 


RC4559D 


D 


0°C to +70°C 


RM4559D 


D 


-55*C to +125*C 


RM4559D/883B 


D 


-55 # C to +125'C 


RM4559T 


T 


-55 # Cto+125*C 


RM4559T/883B 


T 


-55'C to +125"C 



Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 

N = 8-lead plastic DIP 

D = 8 lead ceramic DIP 

T = 8-lead metal can (TO-99) 

M = 8-lead plastic SOIC 



Absolute Maximum Ratings 

Supply Voltage 

RM4559 ±22V 

RC4559 ±18V 

Input Voltage 1 ±15V 

Differential Input Voltage 30V 

Output Short Circuit Duration 2 Indefinite 

Operating Temperature Range 

RM4559 -55°C to +125°C 

RC4559 <rCto+70*C 

Lead Soldering Temperature 

(SO-8; 10 sec) +260°C 

Lead Soldering Temperature 

(DIP, TO-99; 60 sec) +300'C 

Notes: 

1. For supply voltages less than ±15V, the absolute maximum 
input voltage is equal to the supply voltage. 

2. Short circuit may be to ground on one op amp only. Rating 
applies to +75' C ambient temperature. 
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Thermal Characteristics 





8-Lead 
Small Outline 


8-Lead 
Plastic 
DIP 


8-Lead 
Ceramic 
DIP 


8-Lead 
TO-99 
Metal Can 


Max. Junction Temp. 


+125°C 


+125°C 


+175°C 


+175°C 


Max. P D T A <50'C 


300 mW 


468 mW 


833 mW 


658 mW 


Therm. Res 9 X 






45°C/W 


50°C/W 


Therm. Res. 8 JA 


240°C/W 


160°C/W 


150°C/W 


190°C/W 


For T A >50°C Derate at 


4.17mW/°C 


6.25 mW/°C 


8.33mW/°C 


5.26 mW/°C 



Matching Characteristics 

(V s = ±15V, T A = +25°C unless otherwise specified) 



Parameter 


Test 
Conditions 


RM/RC4559 
Typ 


Units 


Voltage Gain 


R L >2kn 


±1.0 


dB 


Input Bias Current 




±15 


nA 


Input Offset Current 




±7.5 


nA 



For More Information, call 1-800-722-7074. 
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Electrical Characteristics 

(V s = ±15V and T A = +25°C unless otherwise specified) 



Parameters 


Test Conditions 




RM4559 


i 


'RC4559 


Units 


Min 


Typ 


Max 


Min 


Typ 


Max 


Input Offset Voltage 


Rc£10kQ 




1.0 


5.0 




2.0 


6.0 


mV 


Input Offset Current 






5.0 


100 




5.0 


100 


nA 


Input Bias Current 






40 


250 




40 


250 


nA 


Input Resistance (Differential Mode) 




0.3 


1.0 




0.3 


1.0 




M12 


Large Signal Voltage Gain 


R L >2kQ 
V OUT = ±10V 


50 


300 




20 


300 




V/mV 


Output Voltage Swing 


R,^10kn 


±12 


±14 




±12 


±14 




V 


R L £2kG 


±10 


±13 




±10 


±13 




V 


R L >600Q 


±9.5 


±10 




±95 


±10 




V 


Input Voltage Range 




±12 


±13 




±12 


±13 




V 


Common Mode Rejection Ratio 


R q <10kQ 


80 


100 




80 


100 




dB 


Power Supply Rejection Ratio 


R s £10kQ 


82 


100 




82 


100 




dB 


Supply Current 


R L = «> 




3.3 


5.6 




3.3 


5.6 


mA 


Transient Response 
Rise Time 


V, N = 20mV 
R L = 2kH 




80 






80 




nS 


Overshoot 


C L <;l00pF 




35 






35 




% 


Slew Rate 




1.5 


2.0 




1.5 


2.0 




V/pS 


Unity Gain Bandwidth 




3.0 


4.0 




3.0 


4.0 




MHz 


Power Bandwidth 


VoUT^OV^ 


24 


32 




24 


32 




kHz 


Input Noise Voltage 


F=20Hz to 20kHz 




1.4 


2.0 




1.4 


2.0 


^ V RMS 


Input Noise Current 


F= 20Hz to 20kHz 




25 






25 




P A RMS 


Channel Separation 


Gain = 100, F= 10kHz 
R s = 1kQ 




90 






90 




dB 


The following specifications apply for RM = -55°C <T A <+1 25°C, RC = 0°C < T A < +70°C RM4559/RC4559 


Input Offset Voltage 


R s <10kn 






6.0 






7.5 


mV 


Input Offset Current 








300 






200 


nA 


Input Bias Current 








500 






500 


nA 


Large Signal Voltage Gain 


V OUT = ±10V 


25 






15 






V/mV 


Output Voltage Swing 


R L >2kQ 


±10 






±10 






V 


Supply Current 


Rj_ = <» 




4.0 


6.6 




4.0 


6.6 


mA 
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Typical Performance Characteristics 

Input Bias Current vs. Temperature 
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Typical Performance Characteristics (Continued) 



Output Voltage Swing vs. Supply Voltage 



Output Voltage Swing vs. Load Resistance 
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Typical Performance Characteristics (Continued) 

Input Noise Current Density vs. Frequency 



RC4559 



Input Noise Voltage Density vs. Frequency 
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Typical Applications 



10K 



400Hz Lowpass Butterworth Active Filter 



Input O * 1| *— VW 

0.33 (iF 
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Typical Applications (Continued) 



RIAA Preamplifier 

V.NA V INB 



V s *± 15V 




Triangular-Wave Generator 



65-0242 



Threshold 
Detector 

2 
3 



Integrator 
C1 
0.1 u,F 




4559A; 
+ -^Amp. 



I 10K ^1M 



140K 1-4*5 




-AAAr 
8.2K 



-O v out 



65-0243 



Low Frequency Sine Wave Generator with Quadrature Output 



Sine 
Output 
O 



°- 0 , 1 ^ F Cosine 
O Output 




F 0 - 1 Hz 



65-0244 
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Schematic Diagram 
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RC4207 

Precision Dual Operational Amplifier 



Description 

Designed for low level signal conditioning and 
instrumentation applications, the 4207 is a precision dual 
amplifier combining excellent DC input specifications with 
low input noise characteristics. Ultra low input offset 
voltage, low drift, high CMRR, and low input bias currents 
serve to reduce input related errors to less than 0.01% in a 
typical high gain instrumentation amplifier system (A v = 
1000). The 4207 contains two separate amplifiers with a 
high degree of isolation between them; each is complete 
requiring no external compensation capacitors or offset 
nulling potentiometers. The inherent Vqs is typically less 
than 150 |iV, resulting in superior temperature drift, and 
this low initial offset is further reduced by M Zener-zap M 
nulling when the wafers are tested. 

Advanced thin film and nitride dielectric processing allows 
the 4207 to achieve its high performance and small size 
(the 4207 Is offered in 8-lead DIPs). The 4207 fits the 
industry standard 8-lead op amp pin-out. 



Features 

♦ Low Noise — 0.35 jiVp-p (0.1 Hz to 10 Hz) 

♦ Ultra-low V os — 75 [iV 

♦ Ultra-low drift — 1 .3 jiV/°C 

♦ Long term V os stability — 0.2 nV/Mo 

♦ Low input bias and offset currents — ±5 nA 

♦ High gain — 400 V/mV 

♦ Fits 4558 socket 

♦ Industry standard pinout 

♦ 8-lead mini-DIP 



For More Information, call 1-800-722-7074. 
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RC4207 

Ordering Information 







Operating 


Part Number 


Package 


Temperature 






Range 


RC4207FN 


N 


0°Cto+70°C 


RC4207GN 


N 


0°Cto+70°C 



Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
N = 8-lead plastic DIP 



Absolute Maximum Ratings 

Supply Voltage ±18V 

Input Voltage 1 ±18V 

Differential Input Voltage 30V 

Internal Power Dissipation 2 500 mW 

Output Short Circuit Duration Indefinite 

Storage Temperature 

Range -65*C to+150'C 

Operating Temperature Range 

RC4207F/G 0 , Cto+70*C 

Lead Soldering Temperature 

(60 sec) +300 # C 

Notes: 

1. For supply voltages less than ±18V, the absolute maximum 
input voltage is equal to the supply voltage. 

2. Observe package thermal characteristics. 



Thermal Characteristics 





8-Lead 




Plastic 




rid 


Max. Junction Temp. 


+125°C 


Max. P D T A <50°C 


468 mW 


Therm. Res. Gjq 




Therm. Tes. 9j A 


160°C/W 


For T A >50°C derate at 


6.25 mW/°C 



Connection Information 



8-Lead 
Dual In-LIne Package 

(Top View) 




Pin 


Function 


1 


Output A 


2 


-Input A 


3 


+lnput A 


4 


-v s 


5 


♦Input B 


6 


-Input B 


7 


Output B 


8 


+v s 
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RC4207 



Electrical Characteristics 

(V s = ±15V, 0°C £ T A < +70 # C unless otherwise noted) 







4207F 


4207G 




Parameters 


Test Conditions 


Min 


Typ 


Max 


Mln 


Typ 


Max 


Units 


Input Offset Voltage 

Average Input Offset Voltage Drift 2 






45 


150 
1 3 




85 
0.7 


250 


nv 


Input Offset Current 






in a 
±£.U 


14 A 
±1U 




±1.0 


±10 


nA 


Average Input Offset Current Drift 






8.0 






12 




pA/°C 


Input Bias Current 






40 n 


+1 n 

I1U 








nA 


Average Input Bias Current Drift 






1*? 
IO 






18 




pA/°C 


Input Voltage Range 




±10 


±13.5 




±10 


±13.5 




V 


Common Mode Rejection Ratio 


V CM = ±10V 


94 


120 




92 


106 




dB 


Power Supply Rejection Ratio 


V s = ±4.0Vto±16.5V 


94 


115 




92 


100 




dB 


Large Signal Voltage Gain 


R L >2.0ka 


















V OUT = ±10V 


200 


450 




75 


400 




V/mV 


Maximum Output Voltage Swing 


R L >2.0kG 


±11 


±12.6 




±11 


±12.6 




V 


Power Consumption 


R L = oo 




150 


240 




150 


240 


mW 



For More Informat'ion, call 1-800-722-7074. 
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RC4207 



Electrical Characteristics 

(V s = ±15V, and T A = +25°C unless otherwise noted) 



Parameters 


Test Conditions 


4207B/F 


4207G 


Min 


Typ 


Max 


Mfn 


Typ 


Max 


Units 


Input Offset Voltage 3 






30 


75 




60 


150 


uV 


Long Term Vqs Stability 1 






0.2 






0.5 




u.V/Mo 


Input Offset Current 






±0.5 


±5 




±2 


±10 


nA 


Input Bias Current 






±0.5 


±5 




±2 


±10 


nA 


Input noise Voltage 


0.1 HztolOHz 




0.35 






0.35 




H-Vp-p 


Input Noise Voltage Density 


F o -10Hz 




10.3 






10.3 




nV 


F o -100Hz 




10 






10 




F o -1000 Hz 




9.6 






9.6 




VHz 


Input Noise Current 


0.1 HztolOHz 




14 






14 




pAp-p 


Input Noise Current Density 


F o «10Hz 




0.32 






0.32 




PA 


F o -100Hz 




0.14 






0.14 




F o -1000 Hz 




0.12 






0.12 




VHz 


Input Resistance (Diff. Mode) 






60 






31 




MQ 


Input Resistance (Com. Mode) 






200 






120 




GQ 


Input Voltage Range 4 




±11 


±14 




±11 


±14 




V 


Common Mode Rejection Ratio 


V CM -±11V 


100 


126 




94 


110 




dB 


Power Supply Rejection Ratio 


V s -±4.0Vto±16.5V 


100 


110 




94 


104 




dB 


Large Signal Voltage Gain 


R L 2>2kQ, V OUT »±10V 


400 


600 




250 


400 




V/mV 


V OUT -±1.0V, RL-1KH, 
V S -±4.0V 


200 


400 




100 


200 




Output Voltage Swing 


R L >10kQ 


±12.5 


±13 




±12.5 


±13 




V 


R L >2kn 


±12 


±12.8 




±12 


±12.8 




R L £lkft 


±11 


±12 




±11 


±12 




Slew Rate 


R L >2kft 


0.1 


0.3 




0.1 


0.3 




V/u,s 


Closed Loop Bandwidth 


A VOL »+1.0 




1.5 






1.5 




MHz 


Open Loop Output Resistance 


V OUT * °« buT " 0 




60 






60 




a 


Power Consumption 


Vs.i15V.RL-~ 




150 


200 




160 


240 


mW 


V s »±4.0V f R L «oo 




35 


50 




48 


64 


Crosstalk 




126 


155 




126 


155 




dB 



Notes: 

1 . Long Term Input Offset Voltage Stability refers to the averaged trend line of Vqs vs. Time over extended periods after the 
first 30 days of operation. Excluding the initial hour of operation, changes in Vqs during the first 30 operating days are 
typically 2.5 uV. 

2. Guaranteed by design. 

3. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after 
application of power. 

4. The input protection diodes do not allow the device to be removed or inserted into the circuit without first removing power. 
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RC4207 



Typical Performance Characteristics 

Input Offset Voltage vs. Temperature 



85 
75 



| 50 



25 



V S ' = ±15V 












R = 


= 100£ 


I 













































-50 



Input Bias Current vs. Differential Input Voltage 



+120 
+80 
+40 

< 

£ 0 
Jp 

+ -40 
-80 
-120 















A» 


\/ 1 c\/ h _ l ^o«A 


































































































































































































V 


S = ±15V 
A = +25°C " 


















T 


















1 1 1 



0 +50 
T A (°C) 

-120 8 
-80 

6 

-40 

5- < 
0 £ s 4 

«p _? 

+40 " 

2 

+80 

+120 0 



-30 -20 -10 0 + 10 +20 +30 

Vd,ff(V) 65 - 0368 



+100 



Input Bias Current vs. Temperature 





I 














= ±15 


V 













































































































-50 



0 +50 
T A (°C) 



+100 



Input Offset Current vs. Temperature 



CMRR vs. Frequency 



2.5 
2.0 
£ 1.5 
i 1.0 

0.5 
0 



Vs 


I 

= ±15V 













































































-50 



0 +50 
T A (°C) 



+100 




100K 
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Typical Performance Characteristics 

PSRR vs. Frequency Open Loop Gain vs. Supply Voltage 




0.1 1 10 100 1K 10K 100K 1M 10M o 100 1K 10K 100K 1M 10M 

F(Hz) F(Hz) 



Maximum Undistorted Output vs. Frequency 



Output Voltage vs. Load Resistance to Ground 




s 

s 



20 
15 
10 
5 
0 



I I 

- V s =±15V 
T A =+25°C 


























! 












+\ 


OUT . 
























































-V 0 


UT 














A 































































































































0.1 



F (kHz) 



1.0 

R L (kfi) 



10 
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Typical Performance Characteristics 

Power Consumption vs. Total Supply Voltage 



1000 



E 



100 




20 40 
+ V 8 to-V 8 (V) 



60 



50 



40 



30 



20 



RC4207 



Output Short Circuit Current vs. Time 





I I I I I I 

1.ViN(Pin3)x=-10mV.VouT=+15V — 

2. Vin (Pin 3) - +10mV. V 0UT = -15V 






















































2 












V 


~ =±1 


5V 












- +25°C 













Time (MIn) 



Typical Applications 




R3 
10K 

V3 O VW 



R1 = R2 = R3 = R4 
65-0381 

Adjustment-Free Precision Summing Amplifier 



Sensing 
Junction 




R1 

V, N 10K 
o— Vv\ — + 
±10V 



R1 = R2 
R3 R4 



R3 
10K 
-AW- 



+15V 



R4 
10K 




VD1 



VD2 



-15V 



-AW- 
R2 
10K 




High Stability Thermocouple Amplifier 



Precision Absolute Value Circuit 



For More Information, call 1-800-722-7074. 
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RC4227 

RC4227 

Dual Precision Operational Amplifier 



Description 

The 4227, a dual version of the OP-27, is designed for 
instrumentation grade signal conditioning where low noise 
(both spectral density and burst), wide bandwidth, and high 
slew rate are required along with low input offset voltage, 
low Input offset temperature coefficient, and low input bias 
currents. These features are all available in a device which 
is internally compensated for excellent phase margin (70*) 
in a unity gain configuration. Digital nulling techniques 
performed at wafer sort make it feasible to guarantee 
temperature stable input offset voltages as low as 75 jiV 
max. Input bias current cancellation techniques are used to 
obtain ±45 nA max. input bias currents. 

In addition to providing superior performance for audio 
frequency range applications, the 4227 design uniquely 
addresses the needs of the instrumentation designer. 
Power supply rejection and common mode rejection are 
both in excess of 1 00 dB. A phase margin of 70* at unity 
gain guards against peaking (and ringing) in low gain 
feedback circuits. Stable operation can be obtained with 
capacitive loads up to 2000 pF.1 The drift performance is, 
in fact, so good that the system designer must be 
cautioned that stray thermoelectric voltages generated by 
dissimilar metals at the contacts to the input terminals are 
enough to degrade its performance. For this reason it is 
also important to keep both input terminals at the same 
relative temperature. 

The performance of the 4227 is achieved using precision 
amplifier design techniques coupled with a process that 
combines nitride transistors and capacitors with precision 
thin-film resistors. The die size savings of nitride capacitors 
and thin film resistors allow the 4227 to be offered in an 8- 
pin mini-dip package and fit the industry standard dual op 
amp pinout. 

^y decoupling the bad capacitance with a series resistor of 
50£1 or more, load capacitances larger than 2000 pF can be 
accommodated. 



Features 

♦ Very low noise 

Spectral noise density — 3.8 nV/^Rz" 
1/F noise corner frequency — 2.7 Hz 

♦ Very low V 0 s drift — 
0.3 mV/Mo; 0.3 \iWC 

♦ High gain — 500 V/mV 

♦ High output drive capability — ±1 0V into 1 K load 

♦ High slew rate — 2.7 V/^S 

♦ Wide gain bandwidth product — 8 MHz 

♦ High common mode rejection ratio — 1 04 dB 

♦ Low input offset voltage — 75 \i\f 

♦ Low frequency noise — 0.08 |xV p . p (0.1 Hz to 1 0 Hz) 

♦ Low input offset current — 2.5 nA 

♦ Industry standard pinout 

♦ 8-Lead mini-DIP 



For More Information, call 1-800-722-7074. 
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Connection Information 



8-Lead 
Dual In-Llne Package 

(Top View) 









/- + V 




111 p 















u 



Pin 


Function 


1 


Output A 


2 


-Input A 


3 


+lnput A 


4 




5 


+lnput B 


6 


-Input B 


7 


Output B 


8 





Ordering Information 



Part Number Package 



RC4227FN 
RC4227GN 



Operating 
Temperature 
Range 



N 
N 



0°Cto+70°C 
0°Cto+70°C 



Absolute Maximum Ratings 

Supply Voltage ±18V 

Input Voltage 1 ±18V 

Differential Input Voltage 0.7V 

Internal Power Dissipation 2 658 mW 

Output Short Circuit Duration Indefinite 

Storage Temperature 

Range -65 - Cto+150 - C 

Operating Temperature Range 

RM4227B -55 - C to +125 # C 

RC4227F/G 0°Cto+70*C 

Lead Soldering Temperature 

(60 sec) +30CTC 

Notes: 

1 . For supply voltages less than ±1 8V, the absolute 
maximum input voltage is equal to the supply voltage. 

2. Observe package thermal characteristics. 



Thermal Characteristics 





8-Lead 


8-Lead 




Ceramic 


Plastic 




DIP 


DIP 


Max. Junction Temp. 


+175°C 


+125°C 


Max. P D T A <50°C 


833 mW 


468 mW 


Therm. Res. 8jc 


45°C/W 




Therm. Tes. 8 ia 


150°C/W 


160°C/W 


For T A >50°C derate at 


8.33 mW/°C 


6.25 mW/°C 



RM4227BD D -55°C to +1 25°C 

RM4227BD/883B P* -55°C to +125°C 
Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
D = (Mead ceramic DIP 
N = a-lead plastic DIP 
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Electrical Characteristics 

(V s = ±15V, and T A £ +25°C unless otherwise noted) 



Parameters 


Test Conditions 


4227B/F 


4227G 


Units 


MIn 


Typ 


Max 


MIn 


Typ 


Max 


Input Offset Voltage 3 






20 


75 




30 


150 


uV 


Long Term Vnc Stability 1 






0.3 






0.4 




uV/Mo 


Input Offset Current 






±2.5 


±10 




±5 


±15 


nA 


Input Bias Current 






±5 


±15 




±7.5 


±25 


nA 


Input noise Voltage 


0.1 Hz to 10 Hz 




n oa 










uVp-p 


Input Noise Voltage Density 


* o 




3.8 






3.8 




nV 
VHz 


F Q - 30 Hz 




3.3 






3.3 




F Q - 1000 Hz 




3.2 






3.2 




Input Noise Current Density 


F 0 « 10 Hz 




1.7 






1.7 




dA 


F Q ■ 30 Hz 




1.0 






1.0 




F o «1000 Hz 




0.4 






0.4 




VHz" 


Input Resistance (Diff. Mode) 






5.0 






4.0 




MQ 


Input Resistance (Com. Mode) 






2.5 






2.0 




GQ 


Input Voltage Range 2 * 4 




±11 


±12.3 




±11 


±12.3 




V 


Common Mode Rejection Ratio 


V CM «±11V 


104 


123 




100 


120 




dB 


Power Supply Rejection Ratio 


V s «±4.0Vto±16.5V 


104 


120 




100 


118 




dB 


Large Signal Voltage Gain 


R L *2kfl, V OUT -±10V 


500 


1000 




400 


800 




V/mV 


V O ijT-±10V, R, -1K12, 


400 


800 




300 


600 




V n i JT »±1.0V, Ve- ±4.0V 
R L >1.0kra 


250 


500 




200 


400 




Output Voltage Swing 
Slew Rate 2 


R L S>2.0kfl 


±12 


±13.8 




±12 


±13.8 




V 


R L *1kfl 


±11 


±12 




±11 


±12 




R L £2.0ktt 


1.5 


2.7 




0.1 


0.3 




V/u-s 


Gain Bandwidth Product 




5.0 


8.0 




5.0 


8.0 




MHz 


Open Loop Output Resistance 


V OUT- 0 . ! OUT-° 




70 






70 




Q 


Power Consumption 


RL-oo 




160 


200 




180 


240 


mW 


Crosstalk 




126 


155 




126 


155 




dB 



Notes: 



1. Long Term Input Offset Voltage Stability refers to the averaged trend line of V 0 s vs. Time over extended periods after the 
first 30 days of operation. Excluding the initial hour of operation, changes in V os during the first 30 operating days are 
typically 2.5 jiV. 

2. Guaranteed by design. 

3. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after 
application of power. 

4. The input protection diodes do not allow the device to be removed or inserted into the circuit without first removing power. 



For More Information, call 1-800-722-7074. 
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Electrical Characteristics 

(V s = ±15V, -55'C £T A £+125 # C unless otherwise noted) 







4227B 




Parameters 


Test Conditions 


MIn 


Typ 


Max 


Units 


Input Offset Voltage 1 






50 


200 




Average Input Offset Voltage Drift 2 






0.3 


1.3 




Input Offset Current 






±10 


±35 


nA 


Input Bias Current 






±15 


±45 


nA 


Input Voltage Range 




±10 


±11.5 




V 


Common Mode Rejection Ratio 


V CM »±10V 


100 


119 




dB 


Power Supply Rejection Ratio 


V s = ±4.0VtO±16.5V 


100 


114 




dB 


Large Signal Voltage Gain 


R L >2kQV OUT = ±10V 


350 


650 




V/mV 


Output Voltage Swing 


R L £2.0kQ 


±11 


±13.2 




V 


Power Consumption 


R|_ = oo 




200 


280 


mW 



Notes: 

1 . Input offset voltage measurements are performed by automated test equipment approximately 0.5 seconds after 
application of power. 

2. This parameter is tested on a sample basis only. 



Electrical Characteristics 

(V s = ±15V, 0°C < T A < +70'C unless otherwise noted) 



Parameters 


Test Conditions 


4227F 


4227G 


Units 


MIn 


Typ 


Max 


Min 


Typ 


Max 


Input Offset Voltage 






45 


150 




85 


250 


nv 


Average Input Offset Voltage Drift 2 






0.3 


1.3 




0.4 






Input Offset Current 






±8 


±15 




±10 


±35 


nA 


Input Bias Current 






±10 


±30 




±15 


±45 


nA 


Input Voltage Range 




±10 


±11.8 




±10 


±11.8 




V 


Common Mode Rejection Ratio 


V CM = ±10V 


100 


121 




92 


118 




dB 


Power Supply Rejection Ratio 


V s = ±4.0Vto±16.5V 


100 


116 




92 


114 




dB 


Large Signal Voltage Gain 


R L >2.0ka 
V OU T = ±10V 


350 


700 




250 


500 




V/mV 


Output Voltage Swing 


R L >2.0kQ 


±11 


±13.5 




±11 


±13.5 




V 


Power Consumption 


R L = oo 




180 


240 


200 


280 




mW 
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RC4227 



Typical Performance Characteristics 

0.1 \lF 



ion o 




4.3K 

AMr 



22jiF 



Scope 

-O *1 
R IN -1M 



► 110K 



Notes: 

1 . Peak-to-peak noise measured in a 10-second interval. 

2. The device under test should be warmed up for 3 minutes and shielded from air currents . 

3. Voltage gain = 50,000. 65-0003 



0.1 Hz to 10 Hz Noise Test Circuit (1/2 Shown) 




For More Information, call 1-800-722-7074. 
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Typical Performance Characteristics (Continued) 



Op Amp Comparison 

Input Noise Voltage Density vs. Frequency input Noise Voltage Density vs. Frequency 




1 10 100 1000 1 10 100 1000 

F(Hz) F(Hz) 



Input Noise Current Density vs. Frequency 




1/F Comer 140 Hz 



u I I I llllll l I I l ll lill I 1 1 Mil ls 

10 100 1K 10K 

F(Hz) 



For More Information, call 1-800-722-7074. 
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RC4277 

Dual Precision Operational Amplifier 



Description 

The RC4277 provides the highest precision available 
in a dual bipolar operational amplifier. A monolithic 
dual version of the RC4077, the RC4277 is designed 
to replace OP-07 and OP-77 type amplifiers in 
applications requiring high PC board layout density. 
The RC4277 has a well-balanced, mutually supporting 
set of input specifications. Low V 0 $. low l B , high 
open-loop gain, and excellent matching characteristics 
combine to raise the performance level of many 
instrumentation, low-level signal conditioning, and 
data conversion applications. PSRR, CMRR, V os 
drift, and noise levels also support high precision 
operation. 

The high performance of the RC4277 results from two 
innovative and unconventional manufacturing steps, 
plus careful circuit layout and design. The key steps 
are SiCr thin-film resistor deposition and post-package 
trimming of the input offset voltage characteristic. The 
low 75 nV max Vq S specification is maintained in 
high-volume production by way of the post-package 
trim procedure, where internal resistors are trimmed 
through the device input leads at the final test 
operation. Devices retain this low offset through the 
stability and accuracy of the trimmed thin-film 
resistors. 

The RC4277 is available in 8-lead plastic and ceramic 
DIPs. 



Features 

♦ High DC precision 

♦ Very low Vqs — 30 pV 

♦ Very low V os drift — 0.3 \iWC 

♦ High open-loop gain — 5000 V/mV 

♦ High CMRR— 120 dB 

♦ High PSRR— 120 db 

♦ Low noise — 0.35 ^V p . p (0.1 Hz to 1 0 Hz) 

♦ Low input bias current — 3.0 nA 

♦ Low power consumption — 1 40 mW 



For More Information, call 1-800-722-7074. 
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Ordering Information 







Operating 


Part Number 


Package 


Temperature 






Range 


RC4277FN 


N 


0 # Cto+70 # C 


RV4277FD 


D 


-25'Cto+WC 



Notes: 

/883B suff ix denotes Mil-Std-883, Level B processing 
N - 8-lead plastic DIP 
D - 8 lead ceramic DIP 



Thermal Characteristics 





8-Lead 
Ceramic 
DIP 


8-Lead 
Plastic 
DIP 


Max. Junction Temp. 


+175*0 


+125*C 


Max. P D T A <50 , C 


833 mW 


468 mW 


Therm. Res 0jq 


45 # C/W 




Therm. Res. 9 JA 


150'C/W 


160'C/W 


For T A >50*C Derate at 


8.33 mWC 


6.25 rnVWC 



Absolute Maximum Ratings 

Supply Voltage d22V 

Input Voltage 1 122V 

Differential Input Voltage 30V 

Internal Power Dissipation 2 500 mW 

Output Short Circuit Duration Indefinite 

Storage Temperature 

Range -e^Cto+ISO'C 

Operating Temperature Range 

RV4277 -25 , Ct0 485 , C 

RC4277 0-CtO+70 # C 

Lead Soldering Temperature 

(60 sec) +300*C 

Notes: 

1 . For supply voltages less than 122V, the absolute maximum input 
voltage is equal to the supply voltage. 

2. Observe package thermal characteristics. 



Connection Information 



8-Lead 
Dual In-Llne Package 

(Top View) 



E 
E 
E 
E 



3 
II 
13 



Pin 


Function 


1 


Output A 


2 


-Input A 


3 


+lnput A 


4 


■v s 


5 


+lnput B 


6 


-Input B 


7 


Output B 


8 
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RC4277 



Electrical Characteristics 

(V s = ±15V and T A = +25'C unless otherwise noted) 



Parameters 


Test Conditions 


MIn 


Typ 


Max 


Units 


Input Offset Voltage 0 






30 


75 




Input Offset Voltage Match 






25 


150 


nv 


Long Term Vqs Stability 1 






0.3 




u,V/Mo 


Input Offset Current 






0.5 


5.0 


nA 


Input Bias Current 






±0.5 


±5.0 


nA 


input Noise Voltage 


0.1 Hz to 10 Hz 




0.35 








F o = 10Hz 




10.3 




nV/Vflz 


Input Noise Voltage Density 


F o = 100 Hz 




10 






F o = 1000 Hz 




9.6 






Input Noise Current 


0.1 HztOlOHz 




14 








F o = 10Hz 




0.32 




pA/VRz 


Input Noise Current Density 


Fq = 1 00 Hz 




A 4 A 

0.14 






C_ _ 4 AAA 

■ O ' rlZ 










input v uuaye nange * 




4-1 1 






V 


Common Mode Rejection Ratio 


V CM = ±11V 


110 


132 




dB 


Power Supply Rejection Ratio 


V s = ±4VtO±16.5V 


110 


132 




dB 


Large Signal Voltage Gain 


D S4I/A \/ tA f\\f 

ri[_ > d, K12, VquT = ±» UV 


loUU 


QCAA 

ooUU 




\//m\/ 

v/mv 




r\£ 10 kQ 


±12.5 


±13 






Output Voltage Swing 


R L >2kI2 


±12 


±12.8 




V 




T5 — >»' 4 \,fS 

r\£ 1 Ki2 


— -i-4 4 

±11 


H4~*% 

±12 






Slew Rate 


R|_>2kH 


0.1 


0.3 




V/[iS 


Closed Loop Bandwidth 


A VCL = + 10 




0.8 




MHz 


Open Loop Output Resistance 


v O ut = 0. bUT = 0 




60 




a 


Power Consumption 


V S = ±15V, R L = oo 




60 


100 


mW 


Crosstalk 




126 


150 




dB 



Notes: 

1 . Long Term Input Offset Voltage Stability refers to the average trend line of V os vs. Time over extended periods after the first 30 days of operation. 
Excluding the initial hour of operation, changes in Vqs during the first 30 operating days are typically 2.5 uV. 

2. Guaranteed by design. 

3. Input Offset Voltage measurements are performed by automated test equipment approximately 0.S seconds after application of power. 

4. The input protection diodes do not allow the device to be removed or inserted into the circuit without first removing power. 



For More Information, call 1-800-722-7074. 
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Electrical Characteristics 



(V s = ±15V, O'C <T A < +70'C for plastic packages unless otherwise noted) 



Parameters 


Test Conditions 


Min 


Typ 


Max 


Units 


Input Offset Voltage 


0 C £ £ +70 C 

-25'C!st a <s+85 # c 




50 
50 


120 
135 


jiV 

uv 


Average Input Offset 
Voltage Drift 2 






0.3 


1.0 


nvrc 


Input Offset Current 






1.5 


5.0 


nA 


Input Bias Current 






±1.5 


±5.0 


nA 


Input Voltage Range 




±10 


±13.5 




V 


Common Mode Rejection 
Ratio 


V CM = ±10V 


110 


124 




dB 


Power Supply Rejection 
Ratio 


V s = ±4VtO ±16.5V 


110 


124 




dB 


Large Signal Voltage Gain 


R L >2kr2,V OUT = ±10V 


1300 


3000 




V/mV 


Maximum Output Voltage 
Swing 


R L >2k£2 


±11 


±12.6 




V 


Power Consumption 


R L = oo 




70 


120 


mW 



Notes: 

1 . Input offset voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of power. 

2. This parameter is tested on a sample basis only. 
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Precision Absolute Value Circuit 



For More Information, call 1-800-722-7074. 
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RC4277 



Typical Applications 




OVqut 



R1 -R5-10R2 
R2 = R3 
*r R4 « R5 



R4 

R5 



Note: This circuit can tolerate input voltages that 
exceed the 4277's supply voltage rating as long as 
the slew rate do not exceed the op amp's slew rate. 



65-4427 



High Voltage Differential Amplifier 




For More Information, call 1-800-722-7074. 
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Differential Input Current Source 




High Input Impedance Subtractor 



Raytheon Semiconductor 
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RC4277 



R1A 

V1Q WV 



R2A 



R1B 

V2o VW 



(V2-V1) 




Note: This circuit provides a linear relationship 
between the R G potentiometer setting 
and circuit gain. 



"=* 65-4431 



Difference Amplifier with Linear Gain Control 




Three Op Amp Instrumentation Amplifier with Driven Shield 



For More Information, call 1-800-722-7074. 



Raytheon Semiconductor 



3-619 



RC4277 



RM4277 SPICE Macro Model 

This circuit models AC and DC characteristics including slew rate, bandwidth, Vos.'b-'oS' CMRR, output voltage range, 
and gain. The circuit produces typical values for these parameters. 
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RC4560 

Wide-Bandwidth Dual Operational Amplifier 



Description 

The 4560 integrated circuit is a high-gain, wide- 
bandwidth, dual operational amplifier capable of 
driving 20V peak-to-peak into 400ft loads. The 4560 
combines many of the features of the 4558 as well as 
providing the capability of wider bandwidth, and higher 
slew rate makes the 4560 ideal for active filters, data 
and telecommunications, and many instrumentation 
applications. The availability of the 4560 in the surface 
mounted package allows the 4560 to be used in 
critical applications requiring very high packing 
densities. 



Features 

♦ Unity gain bandwidth (A v = 1 ) — 1 0MHz 

♦ Slew rate — 4.0 V/^S 

♦ Noise voltage at 1 kHz — 7.0nVA/Rz 

♦ Noise voltage current at 1 kHz — O^pAM^ 

♦ ±1 0V Output into 400n loads (±25mA) 

♦ Supply current per amplifier — 1 .8mA 

♦ Input offset voltage — 2.0mV 

♦ Input offset current — 5.0nA 

♦ Unity gain frequency compensated 

♦ Output short circuit protected 



For More Information, call 1-800-722-7074. 
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Connection Information 



8-Lead 
Dual In-Llne Package 

(Top View) 



E 



D 
3 



1] 



65-0210 



Pin 


Function 


1 


A Output 


2 


A -Input 


3 


A +lnput 


4 




5 


B +Input 


6 


B -Input 


7 


B Output 


8 


-v s 



Ordering Information 







Operating 


Part Number 


Package 


Temperature 






Range 


RC4560M 


M 


-20°O to +75°C 


RC4560NB 


N 


-20°C to +75°C 



Notes: 

N: 8-lead plastic DIP 
M = 8-lead plastic SOIC 



Absolute Maximum Ratings 

Supply Voltage ±18V 

Input Voltage 1 ±15V 

Differential Input Voltage +30 V 

Output Short Circuit Duration 2 Indefinite 

Operating Temperature 

Range . -20 # Cto +75 # C 

Lead Soldering Temperature (10 Sec) 

RC4560NB +300 - C 

RC4560M ..+260°C 

Notes: 

1. For supply voltages less than ±15V, the absolute 
maximum input voltage is equal to die supply 
voltage. 

2. Short circuit may be to ground on one amp only. 
Rating applies to +75°C ambient temperature. 



Thermal Characteristics 





Small 
Outline 
SO-8 


8-Lead 
Plastic 
DIP 


Max. Junction Temp. 


+125°C 


+125°C 


Max. P D T A <50°C 


300 mW 


468 mW 


Therm. Res 9^ 






Therm. Res. 8 JA 


240°C/W 


160°C/W 


ForT A >50°C Derate at 


4.17mW/°C 


6.25 mW/°C 
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RC4560 

Matching Characteristics 

(V S = ±15V,T A = +25°C) 



Parameter 


Conditions 


Typ 


Units 


Voltage Gain 


R L >2kn 


±1.0 


dB 


Input Bias Current 




±15 


nA 


Input Offset Current 




±7.5 


nA 



For More Information, call 1-800-722-7074. 
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Electrical Characteristics 

(V s = ±15V and T A = +25°C unless otheiwise specified) 



Parameters 


Test conditions 


Min 


Typ 


ft Haw 

Max 


1 ImIIa 

units 


Input Offset Voltage 


R s £10kQ 




2.0 


6.0 


mV 


Input Offset Current 






5.0 


200 


nA 


Input Bias Current 






50 


500 


nA 


Input Resistance (Differential Mode) 




0.3 


1.0 




MQ 


Large Signal Voltage Gain 


R L >2kQV OUT = ±10V 


20 


300 




V/mV 


Output Voltage Swing 


R L >2k£2 


±12 


±14 




V 


l 0 = 25mA 


±10 


±11.5 




input Voltage Range 




±12 


±14 




V 


Common Mode Rejection Ratio 


R s £10kn 


70 


90 




dB 


Power Supply Rejection Ratio 


R s <10k£2 


76 


90 




dB 


rower vyuriouiiipiion 


Rj^ = °° 








m\A/ 

mvv 


Transient Response 
Rise Time 


V, N = 20mV,R L = 2kQ 




0.05 




MS 


Overshoot 


C L ^100pF, Gain = 1 




35 




% 


Slew Rate 


R L >2kUGain = 1 




4.0 




V/jjS 


Channel Separation 


f = 10kHz 

R s = 1kQ, Gain = 100 




100 




dB 


Unity Gain Bandwidth 


A v = +1,V 0 = -3dB 




10 




MHz 


The following specifications apply for -20°C £T A 75°C 


Input Offset Voltage 


R s <10kH 






7.0 


mV 


Input Offset Current 








300 


nA 


Input Bias Current 








800 


nA 


Large Signal Voltage Gain 


R L >2kaV OUT = ±10V 


15 






V/mV 


Output Voltage Swing 


R L >2kQ 


±10 






V 


Power Consumption 


T A = +75°C 




135 


200 


- mW 


T A = -20°C 




165 


230 
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RC4560 



Typical Performance Characteristics 

Input Bias Current as a Function 
of Ambient Temperature 
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v s »± 


5V 



















































































































0 +10 +20 +30 +40 +50 +60 +70 
T A (°C) 



Input Offset Current as a Function 
of Ambient Temperature 



25 



20 

~ 15 
J 10 
5 
0 



— v« 












■ no 


V 





















































+10 +20 +30 +40 +50 +60 +70 
T A (°C) 



Common Mode Range as a Function 
of Supply Voltage 




±4 ±6 ±8 ±10 ±12 ±14 ±16 ±18 



+Vs/-V s (V) 



Open Loop Voltage Gain as a 
Function of Frequency 




1 10 100 1K 10K 100K 1M 10M 
F(Hz) 



Open Loop Voltage Gain as a 
Function of Temperature 



— V 


s-±1£ 












>V 










































f 


L = 2k 


a 

















































0 +10 +20 +30 +40 +50 +60 +70 
T A (°C) 



200 
180 

I'leo 

OL 140 
120 
100 



Power Consumption as a Function 
of Ambient Temperature 









i I 

































































































































8 



0 +10 +20 +30 +40 +50 +60 +70 
T A (°C) 
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Typical Performance Characteristics (Continued) 




Output Voltage Swing as a Function of Frequency 



100 




10K 100K 
F(Hz) 



Quiescent Current as a Function 
of Supply Voltage 



100 

80 
60 
40 
20 
0 





















T 


*«+25 fl 


C. 

































































































9 12 
±V S (V) 



15 



18 



Transient Response 



Voltage Follower Large Signal Pulse Response 



















f 


i: 










90% 






v 




/ 












*«+25°C 
L = 2 kn 










R 










c 


L» iuu 

L I 


pi 








10% R 


se Time 



















100 200 300 400 
Time (ns) 



3 

to 

500 



10 
8 
6 
4 
2 
0 
-2 
-4 
-6 
-8 
-10 

















I 

-±15V 
-+25°C 
















V s 
















T A 
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Typical Performance Characteristics (Continued) 



RC4560 



Input Noise as a Function of Frequency 



1000 



1 


100 


> 




s 






10 



















V S »±15V 
t. - xpf;°n 
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I <o 
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Input noise Current as a Function of Frequency 
100 






140 




120 




100 


ffi 


80 






8 


60 
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20 




0 



Channel Separation 



10 



100 



1K 
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T A = +25°C 
i i 1 1 inn 

























10K 



100K 



Total Harmonic Distortion vs. Output Voltage 





0.6 




0.5 




0.4 


a 


0.3 


E 






0.2 




0.1 




0 



- V s = ±15V 
R L =2K 

" A v =40 dB 
f=1kHz 

" R s = 1kfl 



4 5 6 7 
Vout (Vrms) 



8 9 10 





0.6 




0.5 




0.4 






o 

X 


0.3 








0.2 




0.1 




0 
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Distortion vs. Frequency 
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Schematic Diagram 
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RC4741 

General Purpose Operational Amplifier 



Description 

The RC4741 is a monolithic integrated circuit, 
consisting of four independent operational amplifiers 
constructed with the planar epitaxial process. 

These amplifiers feature AC and DC performance 
which exceed that of the 741 type amplifiers. Its 
superior bandwidth, slew rate and noise 
characteristics make it an excellent choice for active 
filter or audio amplifier applications. 

A wide range of supply voltages (±2V to i20V) can be 
used to power the RC4741 , making it compatible with 
almost any system including battery powered 
equipment. 



Features 

♦ Unity gain bandwidth — 3.5 MHz 

♦ High slew rate — 1 .6 V/jiS 

♦ Low noise voltage — 9 nV/VRz 

♦ Input offset voltage — 0.5 mV 

♦ Input bias current — 60 nA 

♦ Indefinite short circuit protection 

♦ No crossover distortion 

♦ Internal compensation 

♦ Wide power supply range — i2V to ±20V 

Applications 

♦ Universal active filters 

♦ Audio amplifiers 

♦ Battery powered equipment 



For More Information, call 1-800-722-7074. 
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Connection Information 



14-Lead Dual In-Line Package 

(Top View) 

— *u — 



E 



E-fi 
E 
E 
E 
E 
E 



El 




13 
i3 
3 
I] 



Pin 


Function 


1 


Output (A) 


2 


-Input (A) 


3 


+ Input (A) 


4 




5 


+lnput (B) 


6 


-Input (B) 


7 


Output (B) 


8 


Output (C) 


9 


-Input (C) 


10 


+lnput (C) 


11 


-v s 


12 


+lnput (D) 


13 


-Input (D) 


14 


Output (D) 



Ordering Information 







Operating 


Dart klnmHar 
rail IMUlTlDcr 


Do/*lf Off A 

raCKaye 


1 em peraiu re 






Range 


RC4741M 


M 


<rc to +7o°c 


RC4741N 


N 


0°C to +70°C 


RM4741D 


D 


-55°C to +125°C 


RM4741D/883B 


D 


-55°C to +125°C 



Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
N = 14-lead plastic DIP 
D = 14-lead ceramic DIP 
M = 14-lead small outline 



Absolute Maximum Ratings 

Supply Voltage ±20V 

Differential Input Voltage 30V 

Input Voltage 1 ±15V 

Output Short Circuit 

Duration 2 Indefinite 

Storage Temperature 

Range -65°C to +150°C 

Operating Temperature Range 

RM4741 -55°C to +125°C 

RC4741 0°Cto +70°C 

Lead Soldering Temperature 

(60 Sec, DIP) +300°C 

(10 Sec, SOIC) +260°C 

Notes: 

1 . For supply voltages less than ±1 5 V, the absolute 
maximum input voltage is equal to the supply voltage. 

2. Short circuit to ground on one amplifier only. 
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RC4741 

Thermal Characteristics 





14- Lead 


14-Lead 


14-Lead 




Small Outline 


Plastic 


Ceramic 






DIP 


DIP 


Max. Junction Temp 


+125°C 


+125°C 


+175°C 


Max. P n T A ,50°C 


300 mW 


468 mW 


1042 mW 


Therm. Res Gjc 






60°C/W 


Therm Res. 0jc 


200°C/W 


160°C/W 


120°C/W 


For T A >50°C Derate at 


5.0 mW/°C 


6.25 mW/°C 


8.38 mW/°C 



Electrical Characteristics 

(V s = ±15V and T A = 25°C unless otherwise specified) 







RM4741 


RC4741 




Parameters 


Test Conditions 


Min 


Typ 


Max 


Min 


Typ 


Max 


Units 


Input Offset Voltage 


R s <10kn 




0.5 


3.0 




1.0 


5.0 


mV 


Input Offset Current 






15 


30 




30 


50 


nA 


Input Bias Current 






60 


200 




60 


300 


nA 


Input Resistance 






0.5 






0.5 




MA 


Large Signal 
Voltage Gain 


R L >2kQ 
V OUT ±10V 


50 


100 




25 


50 




V/mV 


Input Voltage Range 




±12 






±12 






V 


Output Resistance 






300 






300 




Q 


Output Current 


V OUT ±10V 


±5 


±15 




±5 


±15 




mA 


Common Mode 
Rejection Ratio 


R s <10kn 
AV = ±5 


80 






80 






dB 


Supply Current 
(All Amplifiers) 






4.5 


5.0 




5.0 


7.0 


mA 


Transient Response 
Rise Time 






75 






75 




nS 


Overshoot 






25 






25 




% 


Slew Rate 






1.6 






1.6 




V/uS 


Unity Gain Bandwidth 






3.5 






3.5 




MHz 


Power Bandwidth 


V OUT = 20Vp-p 
Rj_ = 2k 




25 






25 




kHz 


Input Noise Voltage Density 


F=1kHz 




9.0 






9.0 




nV/VHz 


Channel Separation 






108 






108 




dB 



For More Information, call 1-800-722-7074. 
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Electrical Characteristics 

(VS = ±15V, RM = -55° C <T A < +125° C, RC = 0°C £ T A + 70°C) 



Do ¥tx m At AfO 

rararTieicrs 


test i/onaiiions 


RM4741 




RC4741 


1 Inlte 
uniis 


Mln 


Typ 


Mgy 


Mln 


Typ 


Max 


Input Offset Voltage 


Rs<10kft 




4.0 


5.0 




5.0 


6.5 


mV 


Input Offset Current 








75 






100 


nA 


Input Bias Current 








325 






400 


nA 


Large Signal 
Voltage Gain 


W\_ ^ cKLl 

V OUT ±10V 


25 






15 






\//rv-i\/ 

v/mv 


uuipui voltage owing 




±12 


±13.7 




±12 


±13.7 




V 


R L >2kQ 


XI u 






XI u 






Sunnlv Current 
(All Amplifiers) 






10 






10 




mA 


Average Input Offset 
Voltage Drift 






5.0 






5.0 




HV/°C 


Common Mode 
Rejection Ratio 


R s £lOkfli 
AV±5.0V 


74 






74 






dB 


Power Supply 
Rejection Ratio 


R s <10kQ 
AV±5.0V 


80 






80 






dB 



Typical Performance Characteristics 

Open Loop Gain, Phase vs. Frequency 




100 1K 10K100K 1M 10M 
F(Hz) 



PSRR vs. Temperature 
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Typical Performance Characteristics (Continued) 

Channel Separation vs. Frequency 
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Input Noise Voltage vs. Frequency 
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Typical Performance Characteristics (Continued) 



Small Signal Phase Margin, Unity Gain 
Bandwidth vs. Load Capacitance 




Output Voltage Swing vs. Frequency 
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Input Bias, Offset Current vs. Temperature 



CMRR vs. Temperature 
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Schematic Diagram (1/4 shown) 
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RC5532/5532A 

High Performance Dual Low Noise Operational 
Amplifier 



Description 

The 5532 is a high performance, dual low noise 
operational amplifier. Compared to standard 
dual operational amplifiers, such as the RC747, 
it shows better noise performance, improved 
output drive capability, and considerably higher 
small-signal and power bandwidths. 

This makes the device especially suitable for 
application in high quality and professional 
audio equipment, instrumentation, control 
circuits, and telephone channel amplifiers. The 
op amp is internally compensated for gains 
equal to one. If very low noise is of prime 
importance, it is recommended that the 5532A 
version be used which has guaranteed noise 
specifications. 



Features 

♦ Small signal bandwidth — 1 0 MHz 

♦ Output drive capability — 600ft 1 0 V RMS 

♦ Input noise voltage — 5 nV/VHz 

♦ DC voltage gain — 50,000 

♦ AC voltage gain — 2200 at 1 0 kHz 

♦ Power bandwidth — 1 40 kHz 

♦ Slew rate — 8V/nS 

♦ Large supply voltage range — ±3V to i20V 



For More Information, call 1-800-722-7074. 
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RC5532/5532A 



Connection Information 



Ordering Information 



8-Lead TO-99 Metal Can 
(Top View) 




65-1781 



8-Lead 
Dual In-Llne Package 

(Top View) 




65-01782 



Pin 


Function 


1 


Output (A) 


2 


-Input (A) 


3 


+lnput (A) 


4 


-v 8 


5 


+lnput (B) 


6 


-Input (B) 


7 


Output (B) 


8 


+ V S 







Operating 


Part Number 


Package 


Temperature 






Range 


RC5532D 


D 


0°C to -70°C 


RC5532N 


N 


0°C to +70°C 


RC5532AD 


D 


0°C to -70°C 


RC5532AN 


N 


0°C to +70°C 


RM5532D 


D 


-55°Cto+125°C 


nMoooZD/ooOD 


U 


•00 C 10 +1 25 C 


RM5532AD 


D 


-55°Cto+125°C 


RM5532AD/883B 


D 


-55°Cto+125°C 


RM5532T 


T 


-55 o Ct0+125°C 


RM5532T/883B 


T 


-55°CtO+125°C 


RM5532AT 


T 


-55°Cto+125°C 


RM5532AT/883B 


T 


-55°CtO+125°C 



Notes: 

883B suffix denotes Mil-Std-883, Level B processing 
N - 8-lead plastic DIP 
D = 8-lead ceramic DIP 
T - 8-lead metal can TO-99 



Absolute Maximum Ratings! 1 ) 

Supply Voltage ±22V 

Input Voltage ±V S 

Differential Input Voltage 0.5V 

Operating Temperature Range 

RM5532/A -55°C to +125°C 

RC5532/A.. 0°C to +70°C 

Storage Temperature 

Range -65°C to +150°C 

Lead Soldering Temperature 

(60 Sec) +300°C 

Notes: 

1 . "Absolute maximum ratings" are those beyond which the safety 
of the device cannot be guaranteed. They are not meant to imply 
that the device should be operated at these limits. If the device is 
subjected to the limits in the absolute maximum ratings for 
extended periods, its reliability may be impaired. The tables of 
Electrical Characteristics provide conditions for actual device 
operation. 
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RC5532/5532A 



DC Electrical Characteristics 

(V s = ±15V and T A = +25'C unless otherwise noted) 







RM5532/5532A 


RC5532/5532A 




Parameters 


Test Conditions 


Mln 


iyp 


Max 


Mln 




Max 


Units 


Input Offset Voltage 






0.5 


2.0 




0.5 


4.0 


mV 




Over Temperature 






3.0 






5.0 


mV 


Input Offset Current 








100 




10 


150 


nA 




Over Temperature 






200 






200 


nA 


Input Bias Current 






200 


400 




200 


800 


nA 


Over Temperature 






700 






1000 


nA 


Supply Current 






6.0 


11 




6.0 


16 


mA 




Over Temperature 






13 






22 


mA 


Input Voltage Range 




±12 


±13 




±12 


±13 




V 


Common Mode Rejection Ratio 




80 


100 




70 


100 




dB 


Power Supply Rejection Ratio 




86 


100 




80 


100 




dB 




R L >2kQ, V OUT = ±10V 


50 






25 


100 






Large Signal Voltage Gain 


Over Temperature 


25 






15 


50 




V/mV 




R L >600Q,V OUT = ±10V 


40 






10 


01) 








Over Temperature 


20 






10 










R L >600Q 


±12 


±13 




±12 


±13 






Output Voltage Swing 


R L = 600Q,V S = ±18V 


±15 


±16 




±15 


±16 




V 




R L >2kQ 


±12 


±13 












Input Resistance (Diff. Mode) 






300 






300 






Short Circuit Current 






38 






38 




mA 



Notes: 1 . Diodes protect the inputs against over-voltage. Therefore, unless current-limiting resistors are used, large currents will flow if the 
differential input voltage exceeds 0.6V. Maximum input current should be limited to ±10mA. 

2. Over Temperature: RM = 55°C^T A 125°C; RC = 0°CZT A &0°C 

Electrical Characteristics 

(V S = +15V andT A = +25°C) 







RC/RM5532 


RC/RM5532A 




Parameters 


Test Conditions 


Mln 


Typ 


Max 


Mln 


Typ 


Max 


Units 


Input Noise Voltage Density 


F o = 30 Hz 
F Q = 1 kHz 




8.0 
5.0 






8.0 
5.0 


12 
6.0 


nV/VHz 


Input Noise Current Density 


F o = 30 Hz 
F 0 - 1 kHz 




2.7 
0.7 






2.7 
0.7 




pA/VRz 


Channel Separation 


F = 1 kHz, R s = 5kQ 




110 






110 




dB 



For More Information, call 1-800-722-7074. 
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AC Electrical Characteristics 

(V s = ±1 5V and T A = +25°C ) 







RC/RM5532/5532A 




Parameters 


Test Conditions 


Min 


TVP 


Max 


Units 


Output Resistance 


A v = 30 dB Closed Loop, F = 1 0 kHz, R L = 600Q 




0.3 




a 


Overshoot 


Unity Gain, V jN = 1 00 mV P .p 
Cl = 1 00 pF, R[_ = 600£2 




10 




% 


Gain 


F = 10kHz 




2.2 




V/mV 


Gain Bandwidth Product 


C L = 100pF,R L = 600a 




10 




MHz 


Slew Rate 






8.0 




V/^iS 


Power Bandwidth 


V OUT »±10V 




140 




kHz 




V 0 UT ■ ±14V > R L ■ 600 ^ V S m ±18V 




100 




kHz 



Thermal Characteristics 





8-Lead 


8-Lead 


8-Lead 




Plastic DIP 


Ceramic DIP 


TO-99 Metal ICan 


Max. Junction Temp. 


+125°C 


+175°C 


+175°C 


Max.P D T A <50°C 


468 mW 


833 mW 


658 mW 


Therm. Res 0j C 




45'C/W 


50°C/W 


Therm. Res. 9 JA 


160°C/W 


150°C/W 


190°C/W 


For T A >50°C Derate at 


6.25 mW/°C 


8.33mW/°C 


5.26 mW/°C 



Test Circuits 

Closed Loop Frequency Response 



Follower, Transient Response 



3 


k Rs 




>25a 


_2 




1K 3 

v,no— A/W^ 




65-1794 



VOUT 



65-1795 
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Typical Performance Characteristics 

Open Loop Gain vs. Frequency 
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Closed Loop Gain vs. Frequency 
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Output Voltage Swing vs. Frequency 



Short Circuit Current vs. Temperature 
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Supply Current vs. Supply Voltage 



Input Bias Current vs. Temperature 
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±10 ±20 
+Vs/-V 8 (V) 



±30 



1.4 



1.2 
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Typical Performance Characteristics (Continued) 



Output Voltage Swing vs. Supply Voltage 
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Common Mode Input Range vs. Supply Voltage 
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Follower Large Signal Pulse Response 
Output Voltage vs. Time 
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Schematic Diagram (1/2 Shown tor 5532) 
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RC5534/5534A 

RC5534/5534A 

High Performance Low Noise Operational Amplifier 



Description 

The 5534 is a high performance, low noise operational 
amplifier. This amplifier features popular pin-out, 
superior noise performance, and high output drive 
capability. 

This amplifier also features guaranteed noise 
performance with substantially higher gain-bandwidth 
product, power bandwidth, and slew rate which far 
exceeds that of the 741 type amplifiers. The 5534 is 
internally compensated for a gain of three or higher and 
may be externally compensated for optimizing specific 
performance requirements of various applications such 
as unity-gain voltage followers, drivers for capacitive 
loads or fast settling. 

The specially designed low noise input transistors allow 
the 5534 to be used in very low noise signal processing 
applications such as audio preamplifiers and servo error 
amplifiers. 



Features 

♦ Small signal bandwidth — 1 OlMHz 

♦ Output drive capability — 600ft 1 0 V RMS 
atV s = ±18V 

♦ Input noise voltage — 4 nV/Vhz 

♦ DC voltage gain — 1 00,000 

♦ AC voltage gain — 6000 at 1 0 kHz 

♦ Power bandwidth — 200 kHz 

♦ Slew rate — 13 V/nS 

♦ Large supply voltage range — i3V to ±20V 



For More Information, call 1-800-722-7074. 
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Connection Information 



8-Lead 
TO-99 Metal Can 
(Top View) 




8-Lead 
Dual In-Llne Package 

(Top View) 



II 

H 



E 




H 
3 
U 
I] 



Pin Function 
1 

2 -Input 

3 +lnput 



V 0S Trim 



-Ve 



5 Comp 

6 Output 

7 +V S 

8 V 0 s Trim/Comp 



Thermal Characteristics 



Ordering Information 







uperaiiny 


rail IMUuiDei 


rauKage 


Tomnarati ii*a 

lemperaiure 






Donna 


RC5534N 


N 


0°Cto+70°C 


RC5534AN 


N 


0°Cto+70°C 


RM5534D 


D 


-55°C to +1 25°C 


RM5534D/883B 


D 


-55°CtO+125°C 


RM5534AD 


D 


-55°Cto+125°C 


RM5534AD/883B 


D 


-55°Cto+125°C 


RM5534T 


T 


-55°Cto+125°C 


RM5534T/883B 


T 


-55°Cto+125°C 


RM5534AT 


T 


-55°Cto+125°C 


RM5534AT/883B 


T 


-55°C to +125°C 



Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 

N = 8-lead plastic DIP 

D = 8-lead ceramic DIP 

T = 8-lead metal can (TO-99) 



Absolute Maximum Ratings 

Supply Voltage , d22V 

Differential Input Voltage 0.5V 

Input Voltage ±V S 

Storage Temperature 

Range -65°Cto+150°C 

Operating Temperature 
Range 

RM5534/A -55°Cto +125°C 

RC5534/A 0°Cto+70°C 

Lead Soldering Temperature 

(60 sec) +300°C 

Output Short Circuit Duration^ +300°C 

Notes: 

1. Short circuit may be to ground only. Rating applies to 
+125°C case temperature or +175°C junction temperature. 





8-Lead 
Plastic DIP 


8-Lead 
Ceramic DIP 


8-Lead 
TO-99 Metal Can 


Max. Junction Temp. 


+125°C 


+175°C 


+175°C 


Max. P D T A <50°C 


468 mW 


833 mW 


658 mW 


Therm. Res Ojq 




45°C/W 


50°C/W 


Therm. Res. 0 JA 


160°C/W 


150°C/W 


190°C/W 


ForT A >50°C Derate at 


6.25 mW/°C 


8.33 mW/°C 


5.26 mW/°C 
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RC5534/5534A 



Electrical Characteristics 

(V s = ±15V and T A = +25*C unless otherwise noted) 







RI 


M5534 


/A 


RC5534/A 




Parameters 


Test Conditions 


Min 


Typ 


Max 


Min 


TYP 


Max 


Units 


Input Offset Voltage 


R s <Mkft 




0.5 


2.0 




0.5 


4.0 


mV 


Input Offset Current 






10 


200 




20 


300 


nA 


Input Bias Current 






400 


800 




500 


1500 


nA 


Input Resistance (Diff. Mode) 






100 






100 




kft 


Large Signal Voltage Gain 


R L £ 600ft, V 0 ut * ±1 °V 


50 


100 




25 


100 




V/mV 




R. > finno 

III & OUutt 




X 1 o 




±12 


±13 




V 


Input Voltage Range 




±12 


±13 




±12 


±13 




V 


Common Mode Rejection Ratio 


R s <1kn 


80 


100 




70 


100 




dB 


Power Supply Rejection Ratio 


Rs^lkft 


86 


100 




86 


100 




dB 


Supply Current 


Ri m oo 
L 




4.0 


6.5 




4.0 


8.0 


mA 


Transient Response 
Rise Time 


V, N - 50 mV, R|_ - 600ft 
C L -100pF,C c -22 pF 




35 






35 




nS 


Overshoot 






17 






17 




% 


Slew Rate 


c c «o 




13 






13 




V/uS 


Gain Bandwidth Product 


C c «22 pF, C L «100 pF 




10 






10 




MHz 


Power Bandwidth 


V OUT -20V p .p f C c -0 




200 






200 




kHz 


Input Noise Voltage 


F-20 Hz to 20 kHz 




1.0 






1.0 




H V RMS 


Input Noise Current 


F» 20 Hz to 20 kHz 




25 






25 




p a rms 


Channel Separation 


F«1 kHz,R s «5kft 




110 






110 




dB 






5534A 


5534 




Input Noise Voltage Density 


F Q - 30 Hz 




5.5 


7.0 




7.0 




nV 




F Q «1 kHz 




3.5 


4.5 




4.0 




VHz 


Input Noise Current Density 


F o -30 Hz 




1.5 






2.5 




PA 




F Q - 1 kHz 




0.4 






0.6 




VRz 


Broadband Noise Figure 


F« 10 Hz -20 kHz, 
R s -5kft 




0.9 










dB 



The following specifications apply for RM; -55°C £ T A £ +125°C = 
i RC = 0°C < T A < ♦ 70°C, V s = ±15V 







RM5534/A 


RC5534/A 




Input Offset Voltage 


R s £ 1 kft 






3.0 






5.0 


mV 


Input Offset Current 








500 






400 


nA 


Input Bias Current 








1500 






2000 


nA 


Large Signal Voltage Gain 


R L 2> 600ft, V OUT -±10V 


25 






15 






V/mV 


Output Voltage Swing 


Rl £ 600ft 


±10 






±10 






V 


Supply Current 


V s «±15V,Rl«~ 






9.0 






14 


mA 



For More Information, call 1-800-722-7074. 
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RC5534/5534A 



Typical Performance Characteristics 




Common Mode Input Range vs. Supply Voltage Open Loop Gain vs. Frequency 




+Vs/-V s (V) F < Hz > 



Open Loop Gain vs. Temperature 



> 

E 100 



0 



























±15V 










= 2kfl 































































0 +10 +20 +30 +40 +50 +60 +70 
T A (°C) 
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RC5534/5534A 



Typical Performance Characteristics (Continued) 



Output Voltage Swing vs. Supply Voltage 



Output Voltage Swing vs. Load Resistance 




±4 ±6 ±8 ±10 ±12 ±14 ±16 ±18 
+V^-V S (V) 



Output Voltage Swing vs. Frequency 
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R L = 2k£l 
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Transient Response 
Output Voltage vs. Time 
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Follower Large Signal Pulse Response 
Output Voltage vs. Time 
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Typical Performance Characteristics (Continued) 



Input Noise Voltage Density vs. Frequency 
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Closed Loop Gain vs. Frequency 
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RM741 

General Purpose Operational Amplifier 



Description 

The RM741 integrated circuit is a high-performance, 
high-gain, internally compensated monolithic 
operational amplifier fabricated on a single silicon chip 
using an advanced epitaxial process. 

High common-mode voltage range and absence of 
latch-up tendencies make the RM741 ideal for use as a 
voltage follower. High gain and wide ranges of 
operating voltages provide superior performance in 
integrator, summing amplifier and general feedback 
applications. 

The RM741 is pin compatible with the LM101 A. The 
RM741 operates over a temperature range from -55°C 
to+125°C. 



Features 

♦ Supply voltage 
RM741 — ±22V 

♦ Offset voltage null capability 

♦ Short-circuit protection 

♦ No frequency compensation required 

♦ No latch-up 

♦ Large common-mode and differential 
voltage ranges 

♦ Low power consumption 



For More Information, call 1 -800-722-7074. 
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Connection Information 



8-Lead 
TO-99 Metal Can 
(Top View) 



8-Lead 
Dual In-Line Package 

(Top View) 




Ordering Information 



Part Number 


Package 


Operating 
Temperature 
Ranqe 


RM741D 


D 


-55°Cto+125°C 


RM741D/883B 


D 


-55°CtO+125°C 


RM741T 


T 


-55°CtO+125°C 


RM741T/883B 


T 


-55°Cto+125°C 



Notes: 883B suffix denotes Mil-Std-883, Level B processing 
D = 8 lead ceramic DIP 
T ■ 8-lead metal can TO-99 



Pin 


Function 


1 


V 0S Trim 


2 


- Input 


3 


+ Input 


4 


-v 8 


5 


Vqs Trim 


6 


Output 


7 


+ V S 


8 


NC 



Absolute Maximum Ratings 

Supply Voltage 

RM741 ±22V 

Differential Input Voltage 30V 

Input Voltage 1 ±15V 

Output Short Circuit Duration ..Indefinite 
Storage Temperature 

Range -65°C to +150°C 

Operating Temperature Range 

RM741 -55°Cto+125°C 

Lead Soldering Temperature 

(60 sec) +300°C 

Note: 

1 . For supply voltages less than ±1 5V, the absolute maximum 
input voltage is equal to the supply voltage. 



3-654 



Raytheon Semiconductor For More Information, call 1-800-722-7074. 



RM741 



Thermal Characteristics 





8- Lead 


ft- 1 pari 




Ceramic 


TO-99 

I WTO 




DIP 


Metal Can 


Max. Junction Temp. 


+175°C 


+175°C 


Max. P D T A <50°C 


833 mW 


658 mW 


Therm. Res 8jq 


45°C/W 


50°C/W 


Therm. Res. 8 JA 


150°C/W 


190°C/W 


ForT A >50°C Derate at 


8.33 mW/°C 


5.26 mW/°C 



Electrical Characteristics 

(V s = ±15V and T^ = +25°C unless otherwise noted) 



Parameters 


Test Conditions 


MIn 


Typ 


Max 


Units 


Input Offset Voltage^ 


R<?<10kn 




1.0 


5.0 


mV 


Input Offset Current 






20 


200 


nA 


Input Bias Current 






80 


500 


nA 


Input Resistance (Differential Mode) 




0.3 


2.0 




Ma 


Large Signal Voltage Gain 


R L >2kaV OUT = ±10V 


50 


200 




V/mV 


Output Voltage Swing 


R L >10kn 


±12 


±14 




V 




R L >2kQ 


±10 


±13 






Input Voltage Range 




±12 


±13 




V 


Common Mode Rejection Ratio 


R s <10kQ 


70 


90 




dB 


Power Supply Rejection Ratio 


R s £l0kQ 


76 


90 




dB 


Power Consumption 






50 


85 


mW 


Transient Response Rise Time 


V| M = 20 mV, R, = 2kQ 




0.3 




MS 


Over shoot 


C L <100 pF 




5.0 




% 


Slew Rate 


R L >2kQ 




0.5 







Note: 1. Offset voltage is nulled by connecting a 1 0ka potentiometer across the Vos trim pins and connecting the wiper pin to -V s . 



For More Information, call 1-800-722-7074. 
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Electrical Characteristics 

(V S = ±15V, -55°CST A S+125°C) 



Parameters 


Test Conditions 


Min 


TVD 


Max 


Units 


Input Offset Voltage 


R L £10kQ 






6.0 


mV 


Input Offset Current 








200 


nA 


Input Bias Current 








500 


nA 


Large Signal Voltage Gain 


R L !>2kQV OUT = ±10V 


25 






V/mV 




R L £lOkQ 




±12 






Output Voltage Swing 






±10 




V 


Common Mode Rejection Ratio 


R s £lOkQ 




70 




dB 


Supply Voltage Rejection Ratio 


R s <10kn 




76 




dB 


Supply Current 


+125°C 








mA 




-55°C 










Power Consumption 


+125°C 








mW 


-55°C 
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RM741 



Typical Performance Characteristics 



Input Offset Voltage Transient Response 

Trim Circuit Test Circuit 




654)048 



Power Consumption vs. Supply Voltage Open Loop Gain Vs. Frequency 




+Vj/-V 8 (V) F{HZ ) 



Open Loop Phase vs. Frequency 
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/ 













































1 10 100 1K 10K 100K 1M 10M 
F(Hz) 



Input Offset Current vs. Supply Voltage 
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T 











































































±10 ±15 
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Typical Performance Characteristics (Continued) 

Input Resistance, Capacitance vs. Frequency Output Resistance vs. Frequency 




F(HZ) 65-0945 F(Hz) 



Output Voltage Swing vs. Load Resistance Output Voltage Swing vs. Frequency 
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Typical Performance Characteristics (Continued) 

Input Bias Current vs. Temperature 
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Short Circuit Current vs. Temperature 
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Typical Performance Characteristics (Continued) 
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RM747 

General Purpose Dual Operational Amplifier 



Description 

The RM747 integrated circuit is a high gain, 
operational amplifier internally compensated and 
constructed on a single silicon chip using an 
advanced epitaxial process. 

The RM747, operates over a 
temperature range from -55°C to +125°C. 

Combining the features of the 741 with the close 
parameter matching and tracking of a dual device on 
a monolithic chip results in unique performance 
characteristics. Excellent channel separation allows 
the use of the dual device in all single 741 operational 
amplifier applications providing high packaging 
density. It is especially well suited for applications in 
differential-in, differential-out as well as in 
potent'ometric amplifiers and where gain and phase 
matched channels are mandatory. 



Features 

♦ Short circuit protection 

♦ No frequency compensation required 

♦ No latch-up 

♦ Large common mode and differential 
voltage ranges 

♦ Low power consumption 

♦ Parameter tracking over temperature range 

♦ Gain and phase match between 
amplifiers 



For More Information, call 1-800-722-7074. 
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Connection Information 



Ordering Information 



10-LeadTO-1 00 Metal Can 
(Top View) 

NC 



Pin Function 




1 
2 
3 
4 
5 
6 
7 
8 
9 
10 



Output A 
-V S A 
-Input A 
+lnput A 

-v. 

+lnput B 
-Input B 
+V S B 
Output B 
NC 



14-Lead Dual In-Line Package 
(Top View) 



II 



E 
E 
E 
E 
E 




3 
3 



Pin Function 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 



-Input A 
+ Input A 
Vqs Trim A 

■v. 

Vqs Trim B 
+lnput B 
-Input B 
Vqs Trim B 
+V S B 
Output B 
NC 

Output A 
+V S A 
Vqs Trim A 



Part Number 


Package 


Oneratina 
Temperature 
Range 


RM747D 


D 


-55°Cto+125°C 


RM747D/883B 


D 


-55°Cto+125°C 


RM747T 


T 


-55°Cto+125°C 


RM747T/883B 


T 


-55°Cto+125°C 



Notes: 

883B suffix denotes Mil-Std-883, Level B processing 

D = 14-Iead ceramic DIP 

T - 10-lead metal can TO-1 00 



Absolute Maximum Ratings 

Supply Voltage 

RM747 .±22V 

Differential Input Voltage ..30V 

Input Voltage 1 ±15V 

Output Short-Circuit Duration Indefinite 

Storage Temperature 

Range ....-65°C to +150°C 

Operating Temperature Range 

RM747 -55°C to +125°C 

Lead Soldering Temperature 

(60 sec) +300°C 

Notes: 

1 . For supply voltages less than ±1 5V, the absolute 
maximum input voltage is equal to the supply voltage. 
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RM747 



Thermal Characteristics 





14-Lead Ceramic DIP 


10-Lead TO-100 Metal Can 


Max. Junction Temp. 


+175°C 


+175°C 


Max. P D T A <50°C 


1042 mW 


658 mW 


Therm. Res 9 jq 


60°C/W 


50°C/W 


Therm. Res. 8j A 


120°C/W 


190°C/W 


ForT A >50°C Derate at 


8.33 mW/°C 


5.26 mW/°C 



Electrical Characteristics 

(V s = ±15V and T A = +25°C unless otherwise noted) 



Parameters 


Test Conditions 


MIn 


Typ 


Max 


Units 


Input Offset Voltage 


R s <10ka 




1.0 


5.0 


mV 


Input Offset Current 






20 


200 


nA 


Input Bias Current 






80 


500 


nA 


Input Resistance (Diff. Mode) 




0.3 


2.0 




Ma 


Large Signal Voltage Gain 


R L >2kn,V OUT = ±10V 


50 


200 




V/mV 


Output Voltage Swing 


R L >10kQ 


±12 


±14 




V 


R L >2kQ 


±10 


±13 




Input Voltage Range 




±12 


±13 




V 


Common Mode Rejection Ratio 


R s £l0kn 


70 


90 




dB 


Power Supply Rejection Ratio 


R s £l0kQ 


76 


90 




dB 


Power Consumption 






100 


170 


mW 


Transient Response 
Rise Time 


V, N = 20 mV, R L = 2kH 




0.3 




us 


Overshoot 


C L <100 pF 




5.0 




% 


Slew Rate 


R L £2kn 




0.5 




V/jaS 


Channel Separation 


F = 1 kHz 




98 




dB 



For More Information, call 1-800-722-7074. 
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Electrical Characteristics 

(V s = ± 15V, -55°C £T A <; +125°C) 



Parameters 


Test Conditions 


Min 


TVp 


Max 


Units 


Input Offset Voltage 


R s £10kn 






6.0 


mV 


Input Offset Current 


T A = +125°C, 
T A = +70°C 






200 


nA 


T A = -55°C 
T A = 0°C 






500 


nA 


Input Bias Current 


T A = +125°C, 
T A = +70°C 






500 


nA 


T A = -55°C, 
T A «0°C 






1500 


nA 


Large Signal Voltage Gain 


R L £ 2 kQ, 
V OUT = ±10V 


25 






V/mV 


Output Voltage Swing 


R L ^10K 


±12 






V 


R L £2kn 


±10 






V 


Common Mode Rejection Ratio 


Rs<M0kn 


70 






dB 


Power Supply Rejection Ratio 


R s <10ka 


76 




150 


dB 


Power Consumption 


T A = +125°C 






150 


mW 


T A = -55°C 






200 


mW 


Input Voltage Range 




±12 






V 



Typical Performance Characteristics 



Frequency Characteristics vs. Supply Voltage Input Offset Voltage Trim Circuit 




I ±15 ±20 Note: Pin numbers shown are for 

+Vs/-V s (V) 14-lead packages 
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RM747 



Typical Performance Characteristics (Continued) 



Open Loop Gain vs. Supply Voltage 



Output Voltage Swing vs. Supply Voltage 
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Common Mode Input Range vs. Supply 
Voltage 



Power Consumption vs. Supply Voltage 



-55 
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+Vs/-V s (V) 

Input Bias Current vs. Temperature 
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Input Resistance vs. Temperature 
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Typical Performance Characteristics (Continued) 



Input Offset Current vs. Supply Voltage Input Offset Current vs. Temperature 




+VV-V S (V) 



Power Consumption vs. Temperature 



Output Voltage Swing vs. Load Resistance 
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Short Circuit Current vs. Temperature 
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Absolute Maximum Power Dissipation 
vs. Temperature 
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RM747 



Typical Performance Characteristics (Continued) 



Input Noise Voltage Density vs. Frequency 

i mini ii 

V s = ±15V 
T A = +25°C 




100K 



Broadband Noise Referred to Input vs. Source 
Resistance 



100 




100 



1K 10K 

Rs(fi) 



100K 



Input Noise Current Density vs. Frequency 




Open Loop Gain, Phase vs. Frequency 
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Typical Performance Characteristics (Continued) 

Input Resistance, Capacitance vs. Frequency 
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Output Resistance vs. Frequency 




CMRR vs. Frequency 
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Transient Response Test Circuit 




Note: Pin numbers shown are 

for 14-lead packages 65-0896 



Transient Response Output Voltage vs. Time 
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RM747 



Typical Applications 




2PVC2R2C3R3 

Quadrature Oscillator 



Cosine 
Output 



65-0901 



+15V 




-15V 

Note: Pin numbers shown are for 14-lead packages 

Analog Multiplier 



For More Information, call 1-800-722-7074. 
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Typical Applications (Continued) 

I— AAAr-Kj— I 

R2 
100K 




Maximum compressor expansion ratio = R1/R(10kn>R^0) 
Note: Diodes D1 through D4 are matched FD6666 or equivalent 

* ^ 65-0903 



Compressor/Expander Amplifiers 




R4 
12K 

AAAr 



AAAr 

R5 
10K 



Positive 
O Regulated 6 
Output 
+12V 



R6 
10K 

-AAA + 




Negative 
Regulated 
Output 
-12V 
l L *5 mA 
Source or Sink 



Positive Output - V D1 x R1 + R2 

K2 

Negative Output = - Positive Output x 



R6 
R5 



65-0904 



Note: Pin numbers shown are for 14-lead packages. 



Tracking Positive and Negative Voltage 
References 
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RM747 



Typical Applications (Continued) 




Notch Frequency vs. Capacitor C1 



10K 



O Vqut 

Trim R3 such that 
R1, R3 
R2 R4 




0.0001 



0.001 0.01 
C,(u.F) 



Notch Filter Using the 747 as a Gyrator 




ov 0 



v,n o 




o v 0UT 



R1+R2 



R, N » 400 Ma 
C, N =1pF 
Rout<1Q 
BW = 1 MHz 



65-0906 



Gain 


R1 


R2 


B.W. 


Rin 


10 


ikn 


9kn 


100 kHz 


400 Mn 


100 


100 kn 


9.9 kn 


10 kHz 


280 MQ 


1000 


100 kn 


99.9 kn 


1kHz 


80 Mn 



Unity Gain Voltage Follower 



Non-Inverting Amplifier 




O V 0UT 



R1 

V INAO VW 



R2 

V INB O"— AW"""" 

R3 

V,ncO VW 



■=fr R1 + R2 



Gain 


R1 


R2 


B.W. 


RlN 


1 


tokn 


10 ka 


1 MHz 


10kQ 


10 


1 kQ 


10 kQ 


100 kHz 


1 kQ 


100 


1 kQ 


100 kQ 


10 kHz 


1 kQ 


1000 


100 kn 


100 kQ 


1kHz 


100Q 




O Vqut 



R F ||R1 HR2IIR3 



65-0908 



Inverting Amplifier 



R F Rp Rf 

Vqut - -V| NA ( -pj) - Vinb (pj ) - V INC ( pgp) 

Note: Pin numbers shown are for 14-lead packages 
Weighted Averaging Amplifier 



For More Information, call 1-800-722-7074. 
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RM747 

Schematic Diagram (1/2 Shown) 




Note: Pin numbers shown are for 14-lead packages 
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LM139/139A, LM339 



LM139/139A,LM339 

Single Supply Quad Comparators 



Description 

These devices offer higher frequency operation and 
faster switching than can be had from internally 
compensated quad op amps. Intended for single supply 
applications, the Darlington PNP input stage allows 
them to compare voltages that include ground. The two- 
stage common-emitter output circuit provides gain and 
output sink capacity of 3.2 mA at an output level of 400 
mV. The output collector is left open, permitting the 
designer to drive devices in the range of 2V to 36V. 

They are intended for applications not needing response 
time less than 1 ps, but demanding excellent op amp 
input parameters to offset voltage, current and bias 
current, to ensure accurate comparison with a reference 
voltage. 



Features 

♦ Input common mode voltage range includes ground 

♦ Wide single supply voltage range — 2V to 36V 

♦ Output compatible with TTL, DTL, ECL, MOS and 
CMOS logic systems 

♦ Very low supply current drain (0.8 mA) independent 
of supply voltage 
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LM139/139A, LM339 

Absolute Maximum Ratings 



Supply Voltage + 36V or ±18V 

Differential Input Voltage 36V 

Input Voltage Range -0.3 to +36V( 2 ) 

Output Short Circuit to Ground ( 1 ) Continuous 

Input Current (V, N < -0.3V)( 2 ) 50 mA 

Operating Temperature Range 

LM139 ..-55°Cto+125°C 

LM339 0°Cto+70°C 

Storage Temperature Range -65°C to +150°C 

Lead Soldering Temperature 

SO-14,10sec +260°C 

DIP, 60 sec +300°C 



See Notes. 



Ordering Information 







Bill 1^ 


Part Number 


Package 


Temperature 






Range 


LM339M 


M 


0°Cto+70°C 


LM339N 


N 


0°Cto+70°C 


LM139D 


D 


-55°Cto+125°C 


LM139D/883B 


D 


-55°Cto+125°C 


LM139AD 


D 


-55°Cto+125°C 


LM139AD/883B 


D 


-55°Cto+125°C 



Notes: 

/883B suffix denotes MIL-STD-883, Level B processing 
M- 14-lead plastic SOIC 
N» 14-lead ceramic DIP 
D » 14-lead ceramic DIP 



Connection Information 



Thermal Characteristics 





14-Lead 
Plastic 
SO 


14-Lead 
Plastic 
DIP 


14-Lead 
Ceramic 
DIP 


Max. Junction Temp. 


+125°C 


+125°C 


+175°C 


Max.P D T A <50'C 


300 mW 


468 mW 


1042mW 


Therm. Res 0jc 






60°C/W 


TTierm. Res. 0 JA 


200°C/W 


160°C/W 


120°C/W 


FbrT A >50'C Derate at 


5.0 mVWC 


6.25 mWC 


8.38 mW/°C 




Pin 


Function 


Pin 


Function 


1 


Output B 


8 


-Input C 


2 


Output A 


9 


+lnput C 


3 


+v s 


10 


-Input D 


4 


-Input A 


11 


+lnput D 


5 


+lnput A 


12 


Ground 


6 


-Input B 


13 


Output D 


7 


+lnput B 


14 


Output C 
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Electrical Characteristics 

(V s = +5V, see note 3) 







LM139A 




Para mot ore 
rai cii i iciei o 


icai wwiiui ill/no 


MIn 


Typ 


Max 


Units 


Input Offset Voltage 


T A = +25°C< 8 ) 




±1.0 


±2.0 


mV 


Input Bias Current 


Output in Linear Range 
T A = +25°( 4 ),V CM = 0V 




25 


100 


nA 


Input Offset Current 


T A = +25°C,V CM = 0V 




±3.0 


±25 


nA 


Input Voltage Range 


T A = +25°C( 5 ),V S = 30V 


0 




-1.5 


V 


Supply Current 


r l = oo on all comparators, 
T A = +25°C 




0.8 


2.5 


mA 


Large Signal Voltage 
Gain 


R L = oo, +V S = 30V, 
R L 2>15ka+V s = +5V 
(to suDDort larae Vm n- swina) 
T A = +25°C 


50 


200 




V/mV 


Large Signal Response 
Time 


Vj|y| = TTL Logic Swing, 
V REFSS 1.4V,V RL = 5V, 
R L = 5.1 ka,T A = +25°C 




300 




ns 


Response Time 


V RL = 5V,R L = 5.1 kQ, 
T A = +25°C < 6 ) 




1.3 




\1S 


Output Sink Current 


Vim £1V. Vim. =0 
¥ IN- ~ ' v • v IN+ v 

V™ ,-r < 1 5V Ta s +25°C 

VQJJ-|-i! 1.5V, l A — \J 


6.0 


16 




mA 


Saturation Voltane 


Vim >1V Vim =0 

V IN- - 1 v > V IN+ u » 
l SINK ^4mA,T A = 25°C 




250 


400 


mV 


Output Leakage Current 


V| N+ ^1V,V IN . = 0, 
V OUT = 5V,T A = +25°C 




0.1 




HA 


Input Offset Voltage 


Note 8 






±4.0 


mV 


Input Offset Current 


V CM = 0V 






±100 


nA 


Input Bias Current 


V CM = 0V 






300 


nA 


Input Voltage Range 


+V5 = oOV 


0 




+v s 

-2.0 


V 


Saturation Voltage 


V|N^1V.V IN+ = 0, 
l SINK <4mA 






700 


mV 


Output Leakage Current 


V| N+ ^1V,V IN . = 0, 
V OUT = 30V 






1.0 


UA 


Differential Input Voltage 


V^^OV.tor-Vs.ifused)^ 






36 


V 



See Notes. 
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Electrical Characteristics 

(+V S = +SV, see note 3) 



Parameters 


Test Conditions 


LM139 


LM33S 


i 


UnKs 


Min 


Typ 


Max 


Min 


Typ 


Max 


Inrv it Offcot V/nltono 
llipui v^liocl VUllciyo 


T _ .ocop (8) 




±2.0 


i5.0 




±2.0 




• 11 V 


Input Bias Current 


Output in Linear Range 
T A = + 25°C< 4 >,V CM = 0V 




25 


too 




25 


250 


nA 


Input Offset Current 


T A = + 25°C,V CM = 0V 




±3.0 


125 




±5.0 


±50 


nA 


Input Voltage Range 


T A = +25 o C( 5 UV s = 30V 


0 




+Vg 


0 




+v= 

-1.5 


V 


Supply Current 


R, = oo on all comparators, 
T A = +25°C 




0.8 


2.5 




0.8 


2.5 


mA 


Large Signal Voltage 
Gain 


R L = oo,+V s = 30V, 
R L >15kU+V s = +5V 
\VJ ouppuri idryt? "out 
swing), T A = +25°C 


25 


200 






200 




V/mV 


Large Signal Response 
Time 


Vim = TTL Logic Swing, 
V REF = 1.4V,V RL = 5V, 
R L = 5.1k£2,T A =+25°C 




300 






300 




ns 


Response Time 


T A = +25°C' 6 ) 




1.3 






1.3 




MS 


Output Sink Current 


V IN .S:1V,V 1% =0, 
V fM rr<1 5V Ta =+25°C 


ft n 

D.U 


1ft 




ft n 

D.U 


1ft 

10 




mA 


Output Voltage, V 0L 


V IN .>1V,V IN =0, 
l SINK <4mA,T A = +25°C 




250 


400 




250 


400 


mV 


Output Leakage Current 


V |N+ >1V,V |N . = 0, 

V™ rr = 5V Ta=+25°C 

OUT ' A 




n 1 

U.l 






n 1 

U.l 




MA 


Input Offset Voltage 


Note 8 






±9.0 






±9.0 


mV 


Input Offset Current 








±100 






±150 


nA 


Input Bias Current 


V CM = 0V 






300 






400 


nA 


Input Voltage Range 


V CM = 30V 


0 




% 


0 




+V § 
-2.0 


V 


Output Voltage V 0L 


y,N.siy,v lN+ =o, 

l S l NK <4mA 






700 






700 


mV 


Output Leakage Current 








1.0 






1.0 


MA 


Differential Input 
Voltage 0°) 


v IN± >ov 

(or-V s ,ifused)< 7 > 






36 






36 


V 



See Notes. 
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Electrical Characteristics (Continued) 

Notes: 

1 . Short circuits from the output to +V S can cause excessive heating and eventual destruction. The maximum output 
current is approximately 20 mA independent of the magnitude of +V S . 

2. This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector 
base junction of the input PNP transistors becoming forward biased and thereby acting as input diode clamps. In 
addition to this diode action, there is also lateral NPN parasitic transistor action on the IC chip. This transistor action 
can cause the output voltage of the comparators to go to the +V S voltage level (or to ground for a large overdrive) for 
the time duration that an input is driven negative. This is not destructive and normal output states will re-establish 
when the input voltage, which was negative, again returns to a value greater than -0.3V. 

3. These specifications apply for +V S = 5V and -55°C < T A < +1 25°C, unless otherwise stated. The LM339 temperature 
specifications are limited to 0°C < T A < +70°C. 

4. The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, 
independent of the state of the output so no loading change exists on the reference or input lines. 

5. The input common mode voltage or either input signal voltage should not be allowed to go negative by more than 
0.3V. The upper end of the common mode voltage range is +V§ -1.5V, but either or both inputs can go to +30V 
without damage. 

6. The response time specified is for a 1 00 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can 
be obtained. See Typical Performance Characteristics section. 

7. Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within 
the common mode range, the comparator will provide a proper output state. The low input voltage state must not be 
less than -0.3V (or 0.3V below the magnitude of the negative power supply, if used). 

8. At output switch point, Vqut = 1 - 4V » R s = oa with +V S from 5V t0 30V » and over the fu " in P ut common mode range 
(V 0 u T to+V s -1.5V). 

9. For input signals that exceed +V S , only the overdriven comparator is affected. With a 5V supply, V| N should be 
limited to 25V max, and a limiting resistor should be used on all inputs that might exceed the positive supply. 

10. Guaranteed by design. 



For More Information, call 1-800-722-7074. 
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Typical Performance Characteristics 
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+5V 

6.0 1 1 1 1 1 1 1 1 1 1 1 




0 0.5 1.0 1.5 2.0 

Time (ps) 



Input Overdrive Response Time 




For More information, call 1 -800-722-7074. Raytheon Semiconductor 
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LM139/139A. LM339 

Typical Applications — Single Supply (+v s = +15V) 



♦sv 




62K 

I 

One-Shot Multivibrator with Input Lock Out 
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Typical Applications — Single Supply (continued) 




Zero Crossing Detector (Single Power Supply) 




15K 



138/339^ 



100K 

■AAAr 



'1K 



■O v 0UT 



0.5 uF 



Low Frequency Op Amp 



o°=L> 




2 VOUT 

f O 



,JL 



02 

re „ 1N914 




-WV 1 



-o 

Vqut 



TTL to MOS Logic Converter 



Pulse Generator 
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RM4805 

Precision High Speed Latching Comparator 



Description 

The RM4805 is an ideal comparator for high speed, high 
precision applications. The input errors are factor 
trimmed to less than 1/10 LSB of a 12-bit, 10V system. 
The latch function allows the system designer additional 
flexibility. When the latch input is a TTL low, the 
comparator functions normally. When the input is raised 
to a TTL high, the comparator output is latched in its 
current state. 

The RM4805 is ideal for ultra precise, very fast system 
designs. Typical applications include successive 
approximation A/D converters of 12 or more bits, zero 
crossing detectors, high speed sampling and window 
detectors. 

The RM4805 high speed comparator is functionally 
equivalent to the popular comparators AM686, SE527, 
CMP-05 and yA760. Propagation delay is 35 ns with a 
1/2 LSB overdrive in a 12-bit, 10V system. 



Features 

♦ 22 ns propagation delay 

♦ Low offset voltage — 100 pY 

♦ Low offset current — 1 0 nA 

♦ TTL compatible latch 

♦ TTL output 



For More information, call 1-800-722-7074. Raytheon Semiconductor 
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Absolute Maximum Ratings 

Supply Voltage +5.5V/-1 6.5V 

Differential Input Voltage 1V 

Internal Power Dissipation 1 500 mW 

Input Voltage ±4V 

Storage Temperature Range -65°C to +150 °C 

Operating Temperature Range 

RM4805 -55°Cto+125°C 

RC4805 0°Cto+70°C 

Lead Soldering Temperature (60 sec.) +300°C 

Note: 

1 See table of Thermal Characteristics for maximum 
ambient temperature derating factor. 



Ordering Information 







Operating 


Part Number 


Package 


Temperature 






Range 


RM4805D/883B 


D 


-55°CTO+125°C 


RM4805AD/883B 


D 


-55°CTO+125°C 



Notes: 

/883B suffix denotes MIL-STD-883, Level B processing 
D • 8-lead ceramic DIP 



Thermal Characteristics 





8-Lead 




Ceramic 




DIP 


Max. Junction Temp. 


+175°C 


Max.P D T A <50'C 


833 mW 


Therm. Res e JC 


45°C/W 


Therm. Res. Gja 


150°C/W 


ForT A >50'C Derate at 


8.33 mW/'C 



Connection Information 



8-Lead 
Dual In-Line Package 
(Top View) 

: — 



E 
E- 
E- 
E 




3 
3 
3 
3 



Pin 


Function 


1 


Ground 


2 


+ Input 


3 


- Input 


4 


-v s 


5 


NC 


6 


Latch Enable 


7 


Output 


8 
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Electrical Characteristics 

(V s = ±5V and T A = +25°C, Latch Enable - OV unless otherwise noted) 



Parameters 


Test Conditions 


RM4805A 


RM4805 


Units 


Mln 


Typ 


Max 


Min 


Typ 


Max 


Input Offset Voltage 


R S £50Q 




100 


250 




250 


600 


uV 


Input Offset Current 






10 


80 




25 


150 


nA 


Input Bias Current 






0.7 


1.2 




0.9 


1.8 


UA 


Large Signal Voltage Gain 




15 


50 




10 


40 




V/mV 


Output Voltage Swing 


V| N >10mV,l OUT =200uA 


2.4 


2.7 




2.4 


2.7 




V 


V IN <-10mV,l SINK =8mA 




0.3 


0.4 




0.3 


0.4 


V 


Input voltage Range 




±2.2 


±2.7 




±2.0 


±2.7 




V 


Common Mode Rejection 
Ratio 


R S £50Q, V CM = Min 
Input Voltage Range 


86 






84 






dB 


Power Supply Rejection 
Ratio 


R S <50Q,+V S = +5V, 
-5.25V <-V s < -4.75V 
and -V s = -5V, 
+4.75V<;+V S £+5.25V 


86 






84 






dB 


R S £50Q 
+V S = +5V, 
-5V<-V S £-15V 


86 






84 






dB 


Supply Current (Positive) 


V OUT <0.4V 




11 


16 




13 


18 


mA 


Supply Current (Negative) 


V OUT <0.4V 


-16 


-12 




-18 


-13 




mA 


Power Consumption 


V OUT <0.4V 




115 


160 




130 


180 


mW 


Propagation Delay* 


100mVStep,V OD = 5mV 




22 


35 




22 


35 


ns 


100 mV Step, V 0D = 1.2 m\ 




35 






35 




ns 


Latch 
Enable Time 


V OD = 5mV 




16 






16 




ns 


Disable Time 


V 0D = 5mV 




22 






22 




ns 


Latch 
High Voltage 




2.0 






2.0 






V 


Low Voltage 








0.8 






0.8 


V 


Latch 
High Current 


V LH = 3.0V 






40 






75 


HA 


Low Current 


V LL = 0.8V 






10 






20 


uA 



'Minimize lead length by soldering the 4805 directly to PC board. The use of sockets may cause oscillations from stray capacitive coupling. 
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Electrical Characteristics 

(V s = ±5V, RM = -55°C £T A £+125°C; RC = 0°C ST A £+70°C, Latch Enable = OV unless otherwise noted) 







RC4805E/RM4805A 


RC4805/RM4805 




Parameters 


Test Conditions 


Min 


Typ 


Max 


Min 


Typ 


Max 


Units 


Input Offset Voltage 


R S <50Q 




0.25 


0.80 




0.50 


1.5 


MV 


Average Input Offset 


(Notel) 




1.5 


5.0 




2.5 


7.5 


nv/°c 


Voltage Drift 


















Input Offset Current 








200 






400 


nA 


Input Bias Current 








2.5 






3.8 


MA 


Large Signal Voltage Gain 






15 






10 




V/mV 


Output Voltage Swing 


V, N >10mV,l OUT =200nA 


2.2 


2.5 




2.2 






V 




V, N <-10mV,l SINK = 6.4 mA 




0.3 


0.45 




0.3 


0.45 


Input Voltage Range 




i2.0 






12.0 






V 


Common Mode Rejection 


R s <50ftV CM = d2V 


85 






80 






dB 


Ratio 


Input Voltage Range 
















Power Supply Rejection 


R S <50Q,+V S =+5V, 


75 






72 






dB 


Ratio 


-5.25V <-V s <-4.75V 
and-V s = -5V, 
+4.75V£+V S <+5.25V 
















Supply Current (Positive) 


V OUT £0.4V 




13 


18 




15 


20 


mA 


Supply Current (Negative) 


V OUT £0.4V 


-20 


15 




-20 


15 




mA 


Power Consumption 


V OUT <0.4V 




140 


190 




150 


200 


mW 


Propagation Delay 1 


100 mVStep,V 0D = 5mV 




30 


50 




35 


55 


ns 




100 mV Step, V 0D = 1.2 mV 




50 






50 




ns 



Note: 

1. Guaranteed but not tested 
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Typical Performance Characteristics 



o 
•55 
> 

Q 

I 

E 
10 




5 ns/Per Division 
Rising Edge Response Time 



S 

> 
5 



> 
E 
10 




5 ns/Per Division * W)542 

Falling Edge Response Time 




FET Probe 

P— O VqUT 



Response Time Test Setup 
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Applications Information 

Optimal performance of the 4805 in high speed 
applications circuits requires that careful layout and circuit 
design techniques are used. The use of good power 
supply bypass capacitors, minimum lead lengths and a 
good ground plane are essential. Clamping diodes for the 
inputs may also be required. 

Bypass Capacitors 

Tantalum electrolytics connected close to the power 
supply leads are usually sufficient; sometimes a smaller 
ceramic capacitor in parallel with the tantalum may 
improve high frequency response even further. Typical 
values would be 1 0 up in parallel with 0.01 tiF. 



Latch Enable 

The effective gain at low levels of input overdrive can be 
increased by applying a carefully timed positive going 
step to the latch enable input. This technique is 
especially useful in successive approximation A/D 
converters, where the exact time of comparison is well 
defined. After the SAR changes the DAC output, a 
delayed pulse applied to pin 6 will increase the effective 
gain from about 5 V/mV to 20 V/mV, and therefore 
speeds up the response time for low level input signals. 
In a 12-bit ±10V A/D system, the propagation delay for 1 
LSB will decrease about 30%. Figure 1 shows the 
waveforms for this technique, and Figure 2 shows a 
one-shot time delay circuit using a TTL IC that can be 
used to create the pulse. 



Minimize Lead Lengths 

Short input leads are essential to eliminate stray 
capacitance that might otherwise induce oscillations. 
Avoid the use of sockets; solder the IC directly to the PC 
board. When laying out a PC board, position the signal 
source as close to the comparator inputs as is physically 
possible. Avoid stray capacitance from the inputs to 
ground, and route the output away from the inputs. Best 
response times will occur when the source impedance 
driving the inputs is kept low (<1 kfl). Avoid driving heavy 
capacitive loads with the output (example: coaxial cable, 
which has a parasitic capacitance of 50 pF per foot). 

Ground Plane 

A ground plane reduces the parasitic inductance of PC 
traces. Current flow through the PC trace is mirrored by a 
return current flow that passes through the ground plane 
adjacent to the PC trace. This sets up a magnetic field that 
cancels the magnetic field in the PC trace, thus reducing 
parasitic inductance. 

Use the component side of the board for the ground pane. 
Cover that side as completely as is practical, especially 
under traces carrying high frequency signals. Mount high 
frequency components close to the board. 

Clamping Diodes 

If the differential input voltage will be greater than 1 V, the 
inputs should be clamped with high speed low 
capacitance diodes. 




Clock 



Latch (Pin 6) 
Comparator 
Input 



T D (One-Shot) 

Figure 1. Gain Boost Waveforms 





Delay Time 
Adjust 



Figure 2. Delayed Pulse Circuit 
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Typical Applications 





Conversion Time 




8-Blts 


4805 Response 


20 ns 


DAC settling Time* 


135 ns 


SAR Delay Time 


50 ns 


Total-Cycle Time 


205 ns 


Number Cvcles + Reset 


x9 


Total Conversion Time 


1.8 ps 



Vref 




* Response will be affected by DAC's output 65-0540 
capacitance and equivalent resistance. 



Figure 3. Successive Approximation ADC 
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Typical Applications (continued) 




-I 65-1177 

'Delay should equal the settling time specification minus 30 ns minus appropriate guard band. 



Figure 4. Op Amp Settling Time Test Circuit 



O +5V 



O a 




The settling time test circuit uses the precision 
latching window comparator to automate op amp 
settling time testing. If the DUT is not settled by the 
end of the time delay, the A output is latched low. 



V| N (V X >V Y )* 


A 


B 


c 


V|N>V X 


1 


0 


0 


v x >v IN >v Y 


0 


1 


0 


V Y >V lN 


0 


0 


1 



*Both latches low 
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Fast Latching ECL to TTL Line Translator, 
Up to 50 MHz 

The high speed differential input and the latched TTL 
output makes the 4805 ideally suited for use as an ECL 
to TTL translator. Existing logic supplies of -5.2V and 
+5.0V are compatible with the 4805 power supply 
requirements. With a TTL compatible latch input, the 
4805 can be latched from the TTL subsystem or from 
the ECL subsystem, by using another 4805 on the latch 
signal. 

In ECL systems, the termination resistors and pull-down 
resistors can be combined in a network as shown in 
Figure 6, a typical ECL to TTL translator. The 
configuration shown in Figure 7 has a common mode 
range of 12.0V. By using a -1 5V supply on the 4805, the 
common mode range is extended to -8.0V to +2.0V as 
shown in Figure 8. 

Not all ECL families have the same logic levels, the 
same logic level V s supply voltage, or the same 
temperature characteristics. By using the same logic 



type as a reference, a single-end ECL to TTL translator 
can be made to track changes in logic levels. A typical 
circuit is shown in Figure 9. 

In system design one subsystem may be in one 
configuration, be driven with ECL line drivers, but in 
another configuration the same subsystem may be 
driven from a TTL gate. 

High gain, low input bias current and i2.0V common 
mode range on the 4805 allow the easy design of an 
adaptive ECL-TTL to TTL translator. The ECL interface 
is the same as shown in Figure 6. By adding pull-up 
resistors and a bypassed level shifting resistor to the 
TTL outputs (see Figure 9), the same subsystem line 
receiver can interface with ECL or TTL with no hardware 
change in the receiver. 

The 4805 is a very flexible system element that allows 
the system designer to interface ECL to TTL in a 
number of easy to use configurations. The4805 can also 
be used in an adaptive ECL-TTL to TTL interface. 



Typical Examples 



Latch 




6 

-V s (-5.2V) 

65-1504 

Figure 6. ECL to TTL Translator 
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Typical Examples (Continued) 



RM4805 



+5.0V 



ECL 
Signal 
Levels 



Latch Enable 
O 




-52V (-V s ) 



-5.2V (-V s ) 65 " 1506 

Figure 7. Single-Ended ECL to TTL Translator with Tracking ECL Reference 




1. Common mode range off 4805 is -8.0V to +2.0V. 

2. The 4805 can stand -3.0V, +5.0V off ground noise ffrom the ECL Gnd to the TTL Gnd. 

Figure 8. ECL to TTL Translator with extended Common Mode Range 
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RM4805 



Typical Examples (Continued) 




-5.2V (-Vg) 



65-1507 

Figure 9. Adaptive ECL -TTL to TTL Translator 
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Linear 



RM4805 
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LM111/LH2111 

LM111/LH2111 
Voltage Comparators 

Description 

These low input current voltage comparators are 
designed to operate over a wide range of supply 
voltages, including ±15V and single +5V supplies. Their 
outputs are compatible with DTL, RTL, TTL and MOS 
devices, and can be connected in "wire-OR" 
configuration. The LH21 1 1 consists of two LM1 1 1 ICs 
packaged in a 16-lead DIP. The LH2111 is available 
with MIL-STD-883B screening. 



Features 

♦ Low input offset current — 4 nA 

♦ Low input bias current — 60 nA 

♦ Operates from a single +5V supply 

♦ Response Time — 200 ns 



For More information, call 1-800-722-7074. Raytheon Semiconductor 
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LM111/LH2111 



Absolute Maximum Ratings 

Supply Voltage ±18V 

Output to -V s . 50V 

Ground to -V s , 30V 

Differential Input Voltage 30V 

Input Voltage 1 ±15V 

Power Dissipation 2 500 mW 

Output Short Circuit Duration 10 sec. 

Storage Temperature Range -65°C to +150°C 

Operating Temperature Range -55°C to +125°C 

Voltage at Strobe Pin +V S -5V 

Lead Soldering Temperature (60 sec.) +300°C 

Notes: 

1 . For supply voltages other than ±15V, the maximum input is equal 
to the supply voltage. 

2. Observe package thermal characteristics. 

Ordering Information 



Connection Information 



Part Number 


Package 


Operating 
Temperature 
Range 


LM111T/883B 


T 


-55°CtO+125°C 


LM111D/883B 


D 


-55°Cto+125°C 


LH2111D 


D 


-55°Cto+125°C 


LH2111D/883B 


D 


-55°Cto+125°C 



Notes: 

/883B suffix denotes MIL-STD-883, Level B processing 
D = 8-lead ceramic DIP (LM111) 
D « 16-lead ceramic DIP (LH21 1 1) 
T » 8-lead metal can (TO-99) 



Thermal Characteristics 





8-Lead 
TO-99 
Metal Can 


8-Lead 
Ceramic 
DIP 


16-Lead 
Ceramic 
DIP 


Max. Junction Temp. 


+175°C 


+175°C 


+175°C 


Max. P D T A <50'C 


658 mW 


833 mW 


1042 mW 


Therm. Res 0 JC 




45°C/W 


60°C/W 


Therm. Res. 8 JA 


190°C/W 


150°C/W 


120°C/W 


For T A >50 q C Derate at 


5.26 mW/T 


8.33 mW°C 


8.38 mW/°C 



8-Lead 
TO-99 Metal Can 

(Top View) 




Pin Function 



8-Lead 
Dual In-Line Package 

(Top View) 



E 

[I 

E 



1 
3 
U 
U 



65-03206 



n. 
n 
u 
u 

E 
E 

[I 




Hi 

i] 
E 



Ground 
+lnput 
- Input 

-v s 

Balance 

Balance/Strobe 

Output 



Pin 


Function 


1 


+Vs (A) 


2 


Ground (A) 


3 


+ Input 


4 


-Input (A) 


5 


-v s 


6 


Balance (B) 


7 


Bal/Strobe (B) 


8 


Output (B) 


9 




10 


Ground (B) 


11 


+lnput (B) 


12 


-Input (B) 


13 


Balance (A) 


14 


Bal/Strobe (A) 


15 


Output (A) 


16 


NC 
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LM111/LH2111 



Electrical Characteristics 

(V s = ±15V 1 and -55°C ST A S +125°C unless otherwise noted) 



Parameters 


Test Conditions 


MIn 


Typ 


Max 


Units 


Input Offset Voltage 2 


T A = +25°C,R s £50kn 




0.7 


3.0 


mV 


Input Offset Current? 


T. = +25°C 




4.0 


10 


nA 


Input Bias Current 


T A = +25°C 




60 


100 


nA 


Large Signal Voltage Gain 


T A = +25°C 

'A 


40 


200 




V/mV 




T. — 4.PS°n mn mV cfpn R mV o\/prriri\/p 

1 A — TC*J V/| IvU HIV OlG}S, W HIV vVdUIIVG 




200 

faW 




1 IO 


Outout Voltaae Low (V™ ) 


V, N < 5 mV, l L = 50 mA, T A = +25°C 




3.0 




mA 


Output Leakage current 


ViM^5mV. Vmrr = 35V. 
IN ' OUT ' 

T A = +25°C, IcTonoc = 3 mA 

A ' •STROBE 




0.2 


10 


nA 


Input Offset Voltage* 


R s <50kn 




1.5 


4.0 


mV 


Input Offset Current 2 






5.0 


20 


nA 


Input Bias Current 






100 


150 


nA 


Input Voltage Range 


Pin 7 pull up may go to +5V 


-14.5 




13.0 


V 


Output Voltage Low (V 0L ) 


+V S = 4.5V, -V s = 0V, V IN < -6 mV, 1^ = 8.0 mA 




0.23 


0.4 


V 


Output Leakage Current 


V IN £5mV,V OUT = 35V 




100 


500 


nA 


Positive Supply Current 


T A = +25°C, each amplifier 




5.1 


6.0 


mA 


Negative Supply Current 


T A = +25°C, each amplifier 




4.1 


5.0 


mA 



Notes: 

1. Vqs, Iqs and l B specifications apply for V s - +5V to V s « ±15V. 

2- and Iqs are maximum values required to drive the output to within 1 V of either supply with a 1 mA load. 

3. Do not short circuit the strobe pin to ground — drive it with a 3 to 5 mA current instead. 

4. If the strobe and balance pins are unused, short them together for maximum AC stability. 



For More information, call 1-800-722-7074. Raytheon Semiconductor 



3-699 



LM1U/LH2111 



Typical Performance Characteristics 



a 




-55 -35 -15 +5 +25 +45 +65 +85 +105 +12S 
T A CC) 

* Pin numbers are for 8-lead packages 

Input Bias Current vs. Temperature 



100 




Equivalent Input Offset Voltage vs. Input Resistance 



30 



20 



- 10 















I I 
















»±15V 














Vs 






























































Raised (sn< 
Pins 5,6&f 


>rt " 














*>* 


































































M/trmsl 























































-55 -35 -15 +5 +25 +45 +65 +85 +105 +125 

T A rc) 

* Pin numbes are for 8-lead packages 

Input Offset Current vs. Temperature 
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+8 +12 +16 



-16 -12 -8 -4 0 

v diff00 

Input Bias Current vs. Differential Input Voltage 



-0.5 



+0.2 
-Vs 









































Referi 
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±v s - 

























































































































-55 -35 -15 +5 +25 +45 +65 +85 +105 +125 
T A CC) 

Common Mode Limits vs. Temperature 



60 
50 
40 
30 
20 
10 



-0.5 













Normal Output 












Rl = 
v+= 


1K 












50V 






V 8 s30V 












• A 


s+ZO-i 


\J — 


































Emitter 












Follower Output 










R L = 60012 













































+0.5 



+1 



V DIFF< mV > 

Output Voltage vs. Differential Input Voltage 
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LM111/LH2111 



Typical Performance Characteristics (Continued) 



s 4 



O 2 

1 

0 



S so 
£ 0 































T 




i C 






20 m 
5mV 
"2mV 














i 








45V 
o 
















% 








> 










V OUT 














» LM 


11 











































Time ftjs) 

Input Overdrive vs. Response Times 




Time (ps) 

Input Overdrive vs. Response Times 




Time (ps) Time (ps) 

Input Overdrive vs. Response Times Input Overdrive vs. Response Times 
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LMU1/LH21U 



Typical Performance Characteristics (Continued) 





Q1 c 1 1 1 _l 1« 

25 45 65 85 105 125 

T A CC) 

Leakage Current vs. Temperature 
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LM111/LH2111 



Schematic Diagram 
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REF-01 

+10V Precision Voltage Reference 



Description 

The REF-01 Precision Voltage Reference contains a 
bandgap reference using thin-film resistors, a step-up 
amplifier, short circuit protection, and a zener trim 
network. The REF-01 *s +10V output shows excellent 
stability for large changes of temperature, toad 
current, and input voltage. A trim pin is provided that 
can change the output voltage by at least 3% with little 
effect on temperature coefficient. 



Features 

♦ +10V output— ±0.3% 

♦ Adjustable— ±3% 

♦ Excellent temperature stability — 3 ppmfC 

♦ Low noise — 20 pYp. p 

♦ Wide input voltage range — +1 2V to +40V 

♦ No external components 

♦ Short circuit proof 

♦ Low power consumption — 1 5 mW 



For More Information, call 1-800-722-7074. 
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Connection Information 



8-Lead 
Dual In-Llne Package 
(Top View) 
m ^r m 



E 
E- 
E 

E- 



3 
3 
-3 



8-Lead TO-99 
Metal Can 
(Top View) 




Pin 


Function 


1 


NC 


2 


+v s 


3 


NC 


4 


Ground 


5 


Trim 


6 


Output 


7 


NC 


8 


NC 



Ordering Information 



Part Number 



REF-01 CD 
REF-01 DD 
REF-01 CN 
REF-01 DN 



REF-01 D 
REF-01 D/883B 
REF-01 T 
REF-01T/883B 



Package 




Operating 
Temperature 
Bangs 



OXMo-tfO'C 
0°Cto+70°C 
0 # Cto+70 # C 
0'Cto+70 # C 



-55 0 Cto+125°C 
-55°Cto+125 # C 
-55'CtO+125*C 
-55 - Cto+125-C 



Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 

D = 8-lead ceramic DIP 

N = 8-lead plastic DIP 

T = 8-lead metal can (TO-99) 



Absolute Maximum Ratings 

Supply Voltage 

REF-01 +40V 

REF-01 C,D +30V 

Internal Power Dissipation 500 mW 

Output Short Circuit Duration Indefinite 

Storage Temperature 

Range -65 # C to +150 # C 

Operating Temperature Range 

REF-01 -55°C to +125'C 

REF-01 C,D 0°C to+70°C 

Lead Soldering Temperature 

(60 Sec) +300°C 



Thermal Characteristics 





8-Lead 
Plastic DIP 


8-Lead Ceramic 
Metal Can 


8-Lead TO-99 
Metal Can 


Max. Junction Temp. 


+125°C 


+175°C 


+175*C 


Max. P D T A <50°C 


468 mW 


833 mW 


658 mW 


Therm. Res 6jq 




45°CAV 


50°C/W 


Therm. Res. 8j A 


160°CAV 


150°C/W 


190°C/W 


For T A >50°C Derate at 


6.25 mwrc 


8.33 mVvTC 


5.26 mWTC 
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REF-01 



Electrical Characteristics 

(V s = ±1SV and T A = +25°C unless otherwise noted) 







REF-01 




Parameters 


Test Conditions 


Mln 


Typ 


Max 


Units 


Output Voltage 


l L OAD= 0mA 


9.95 


10.00 


10.05 


V 


Output Adjustment Range 


IRIM 


±3.0 


i3.3 




% 


Output Voltage Noise 1 


0.1Hzto10Hz 




20 


30 


MVp-p 


Supply Voltage 




12 




40 


V 


Line Regulation 2 


V s = +13Vto+33V 




0.006 


0.010 


%/v 


Load Regulation 2 


l LOAD = 0mAto10mA 




0.006 


0.010 


%/mA 


Turn-on Setting Time 


To ±0.1% of Rnal Value 




5.0 




MS 


Supply Current 


No Load 




1.0 


1.4 


mA 


Load Current 




10 


21 




mA 


Sink Current 




-0.3 


-0.5 




mA 


Short Circuit Current 


V OUT=° 




30 




mA 



/ 

Electrical Characteristics 

(V s = ±15V and -55°C£ T A +1 25°C unless otherwise noted) 







REF-01 




Parameters 


Test Conditions 


Mln 


Typ 


Max 


Unit 


Output Voltage Change With 
Temperature 3 - 4 


Over Temp. Range 




0.18 


0.45 


% 


Output Voltage Temperature 
Coefficient 5 


Over Temp. Range 




10 


25 


ppm/°C 


Change in V 0UT Temperature 
Coefficient With Output Adjustment 


R TRlM = 10kfl 




0.7 




ppm/% 


Line Regulation 2 


V s = +13Vto+33V 




0.009 


0.015 


%/V 


Load Regulation 2 


'load = 0mA to 8mA 




0.007 


0.012 


%/mA 



Notes: 1 . Guaranteed by design. 



2. Line and load regulation specifications include the effects of self heating. 

3. Output voltage change with temperature = V MAX -V MIN X 100% 

10V 

4. Output voltage change with temperature specification applies untrimmed, or trimmed to +10V. 

5. Output voltage temperature coefficient = Output voltage change with temperature X 10 6 

(100%) (180°C) 



For More Information, call 1-800-722-7074. 
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Electrical Characteristics 



(V s = ±15V and T A = +25°C unless otherwise noted) 







REF-01 C 


REF-01 D 




Parameters 


Test Conditions 


Min 


Typ 


Max 


Mln 


T yp 


Max 


Units 


Output Voltage 


l LOAD =0mA 


9.90 


10.00 


10.10 


9.850 


10.00 


10.150 


V 


Output Adjustment Range 


R TRlM = 10kQ 


±2.7 


i3.3 




±2.0 


±3.3 




% 


Output Voltage Noise 1 


0.1Hz to 10Hz 




25 


35 




25 




jiVp-p 


Supply Voltage 




12 




30 


12 




30 


V 


Line Regulation 2 


V s = +13Vto+33V 




0.009 


0.015 




0.012 


0.04 


%/V 


Load Regulation 2 


'load = 0mA to 8mA 




n nn£ 


n niR 

U.U IO 








%/mA 


'load = ^ 4mA 




0.006 


0.015 




0.009 


0.04 


Turn-on Setting Time 


To ±0.1% of Final Value 




5.0 






5.0 




us 


Supply Current 


No Load 




1.0 


1.6 




1.0 


2.0 


mA 


Load Current 




8.0 


21 




8.0 


21 




mA 


Sink Current 




-0.2 


-0.5 




-0.2 


-0.5 




mA 


Short Circuit Current 


WO 




30 






30 




mA 



Notes: 1 . Guaranteed by design. 

2. Line and load regulation specifications include the effects of self heating. 
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Electrical Characteristics 

(V s = +15V, 0°C £ T A s +70°C, and ^ = 0 unless otherwise noted) 



Parameters 


Test Conditions 


REF-01 C 


REF-01 D 


Units 


MIn 


Tvd 


Max 


MIn 


Tvd 


Max 


Output Voltage Change With 
Temperature 3 - 4 


Over Temp. Range 




0.14 


0.45 




0.49 


1.7 


% 


Output Voltage Temperature 
Coefficient 5 


Over Temp. Range 




20 


65 




70 


250 


ppm/°C 


Change in V 0UT Temperature 
Coeffiecient With Output Adjustment 


Rrnn-IOkn 




0.7 






0.7 




ppm/% 


Line Regulation 2 


V s = +13Vto+30V 




0.011 


0.018 




0.020 


0.025 


%/V 


Load Regulation 2 


l L OAD = 0mAto8mA 




0.008 


0.018 




0.020 


0.025 


%/mA 



Notes: 1 . Guaranteed by design. 

2. Line and load regulation specifications include the effects of self heating. 

3. Output voltage change with temperature = V MAx -V MIN X 100% 

10V 

4. Output voltage change with temperature specification applies untrimmed, or trimmed to +10V. 

5. Output voltage temperature coefficient = Output voltage change with temperature X 10 6 

(100%) (70^) 



Typical Applications 



Current Source 



Current Sink 




Voltage Compliance: 
-25Vto+3V 



1!M + 1 mA 




Voltage Compliance: 
-3Vto+25V 



-15V 



-out- ^ + 1mA 



For More information, call 1-800-722-7074. Raytheon Semiconductor 
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Typical Performance Characteristics 



< 

E, 
E 

3 

E 



Maximum Load Current vs. Differential 
Input Voltage 



35 
30 
25 
20 
15 
10 
5 
0 





/- Short 


i 1 

Circuit Pr< 


Section 












500 m 


W Maximi 
ssipation 






Di, 


















+25°C 











10 15 20 

+V S -V 0UT (V) 



25 



Output Adjust 
+15V 

.1 



¥ 19V 

■L 

+v s 



v OUT 

REF-01 
Trim 

Gnd 



r»4 



-O Output 



R TRIM 
10K 



65-0552 



^ o 

f! 

w o 

3 IS 

a* 



1.4 
1.3 
1.2 
1.1 
1.0 
0.9 
0.8 
0.7 
0.6 



Normalized Load Regulation 
(DI L0AD = 10 mA) vs. Temperature 









































































































































+V S = +15V 























-60 -20 



+20 +60 
T A (°C) 



+100 +140 



The REF-01 trim terminal can be used to adjust the 
output voltage over a 10V dSOOmV range. This 
feature allows the system designer to trim system 
errors by setting the reference to a voltage other than 
10V. Of course, the output can also be set to exactly 
10.000V or to 10.240V for binary operation. 
Adjustment of the output does not significantly affect 
the temperature performance of the device. Typically 
the temperature coefficient change is 0.7 ppm/°C for 
100mV of output adjustment. 



Burn-In Circuit 

+18V 



Normalized Line Regulation vs. Temperature 
1.4 




+20 +60 
T A (°C) 



+140 




-18V 
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REF-01 

Schematic Diagram 




For More Information, call 1-800-722-7074. 
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REF-01 
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REF-02 

+5V Precision Voltage Reference 



Description 

The REF-02 Precision Voltage Reference contains a 
bandgap reference using thin-film resistors, a step-up 
amplifier, short circuit protection, and a zener trim 
network. The REF-02's +5V output shows excellent 
stability for large changes of temperature, load 
current, and input voltage. A trim pin is provided that 
can change the output voltage by at least 3% with 
little effect on temperature coefficient. A tempco pin 
also provides a voltage that varies linearly with 
temperature, typically from +470 mV to +830 mV over 
the military temperature range. 



Features 

♦ +5V output — ±0.3% 

♦ Adjustable— ±3% 

♦ Excellent temperature stability — 3 ppm/'C 

♦ Low noise — 10 ^Vp. p 

♦ Wide input voltage range — +7V to +40V 

♦ No external components 

♦ Short circuit proof 

♦ Low power consumption — 1 0 mW 



For More information, call 1-800-722-7074. Raytheon Semiconductor 



3-713 



REF-02 



Connection Information 



Ordering Information 



8-Lead 
Dual In-LIne Package 

(Top View) 



8-Lead TO-99 
Metal Can 

(Top View) 



E 
E- 
E- 
E- 



3 




Pin 


Function 


1 


NC 


2 


+v s 


3 


Tempco 


4 


Ground 


5 


Trim 


6 


Output 


7 


NC 


8 


NC 



Thermal Characteristics 



Part Nnmhpr 




Operating 

1 Crl 1 IfJySl ami © 


REF-02CD 


D 


0°C to +70'C 


REF-02DD 


D 


0 # Cto+7<rC. 


REF-02CN 


N 


0'Cto+70 # C 


REF-02DN 


N 


0*Cto+70 # C 


REF-02D 


D 


-55 # Cto+125'C 


REF-02D/883B 


D 


-ss'cto+^c 


REF-02T 


T 


-55*CtO+125 - C 


REF-02T/883B 


T 


-SS'Cto+^C 



Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 

D « 8-lead ceramic DIP 

N = 8-lead plastic DIP 

T = 8-lead metal can (TO-99) 



Absolute Maximum Ratings 

Supply Voltage 

REF-02 +40V 

REF-02C.D +30 V 

Internal Power Dissipation 500 mW 

Output Short Circuit Duration Indefinite 

Storage Temperature 

Range -65'C to +150 - C 

Operating Temperature Range 

REF-02 -55 # C to+125*C 

REF-02CD O'C to +70°C 

Lead Soldering Temperature 

(60 Sec) +300 # C 





8-Lead 


8-Lead 


8-Lead 




Plastic 


Ceramic 


TO-99 




DIP 


DIP 


Metal Can 


Max. Junction Temp. 


+125 - C 


+175'C 


+175°C 


Max. P D T A <50°C 


468 mW 


833 mW 


658 mW 


Therm. Res 0jq 




45'C/W 


50°C/W 


merm. Kes. Gj A 


160'C/W 


150U/W 




ForT A >50°C Derate at 


6.25 mW/'C 


8.33 mW/ - C 


5.26 mW/'C 
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Electrical Characteristics 

(V s = +15V and T A = +25°C unless otherwise noted) 







REF-02/H 




Parameters 


Test Conditions 


Min 


Typ 


Mav 

iviax 


Units 


Output Voltage 


'load =0mA 


4.975 


5.000 


5.025 


V 


Output Adjustment Range 


R TRIM = 10kn 


±3.0 


±b.U 




% 


Output Voltage Noise 1 


0.1Hzto10Hz 




in 

1U 


10 




Supply Voltaae 




7 

1 




A.(\ 


V 


Line Regulation 2 


V s = 48V to +33V 




0.006 


0.010 


%/V 


Load Regulation 2 


l L o AD = 0mAto10mA 




0.006 


0.010 


%/mA 


Turn-on Setting Time 


To ±0.1% of Final Value 




5.0 




MS 


Supply Current 


No Load 




1.0 


1.4 


mA 


Load Current 




10 


21 




mA 


Sink Current 




-0.3 


-0.5 




mA 


Short Circuit Current 


v oyT =o 




30 




mA 


Tempco Voltage Output 6 






630 




mV 



Electrical Characteristic 

(V s = +15V and -55°C s T A £ +125°C unless otherwise noted) 



Parameters 


Test Conditions 


REF-02 


Units 

% 


Min 


Typ 


Max 


Output Voltage Change With 
Temperature 3 * 4 


Over Temp. Range 




0.18 


0.45 


Output Voltage Temperature 












Coefficient 5 


Over Temp. Range 




10 


25 


ppm/°C 


Change in V 0UT Temperature 
Coefficient With Output Adjustment 


R TRIM = 10kfl 




0.7 




ppm/% 


Line Regulation 2 


V s = +8Vto+33V 




0.009 


0.015 


%/V 


Load Regulation 2 


'load = 0mA to 8mA 




0.007 


0.012 


%/mA 


Output Voltage 
Temperature Coefficient 6 






2.1 




mV/°C 



Notes: 1 . Guaranteed by design. 



2. Line and load regulation specifications include the effects of self heating. 

3. Output voltage change with temperature = (V MAX - V MIN ) X 100%/5V 

4. Output voltage change with temperature specification applies untrimmed, or trimmed to +5V. 

5. Output voltage temperature coefficient = (Output voltage change with temperature X 10 6 )/[ (100%) (180°C)] 

6. Limit current in or out of pin 3 to 50nA and limit capacitance on pin 3 to 30pF. 



For More Information, call 1-800-722-7074. 
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Electrical Characteristics 

(V s = +15V and T A = +25°C unless otherwise noted) 







REF-02C 


REF-02D 




Parameters 


Test Conditions 


Min 


Tvo 


Max 


Min 


Tvo 


Max 


Units 


L/UipUi VOIlayo 


1 -AmA 
'LOAD =UI71A 


A QRA 


r nnn 


5 AKfl 


a onn 


*; nnn 

U.WW 


mn 

O. IUU 


w 

V 


Output Adjustment Range 


R TRIM = 10kn 


49 7 


jjD.U 






_l£ A 




0/ 

/o 


Output Voltage Noise 1 


0.1 Hz tO 10Hz 




i£ 


ia 

IO 








nvp-p 


buppiy voltage 




7 A 
/.U 




O.A 


7 A 
/.U 




QA 
OU 


V 


Line Regulation 2 


\l .fill i» .001/ 

V s = +8V to +33V 




0.009 


0.015 




0.012 


0.04 


O/ A/ 

%/v 


Load Regulation 2 


l L0AD = OmA to 8mA 
l L0AD = OmA to 4mA 




0.006 


0.015 




0.009 


0.04 


%/mA 


Turn-on Setting Time 


To dJO.1% of Final Value 




5.0 






5.0 




MS 


Supply Current 


No Load 




1.0 


1.6 




1.0 


2.0 


mA 


Load Current 




8.0 


21 




8.0 


21 




mA 


Sink Current 




-0.2 


-0.5 




-0.2 


-0.5 




mA 


Short Circuit Current 


V O ut=0 




30 






30 




mA 


Tempco Voltage Output 3 






630 






630 




mV 



Notes: 

1 . Guaranteed by design. 

2. Line and load regulation specifications include the effects of self heating. 

3. Limit current in or out of pin 3 to 50nA and limit capacitance on pin 3 to 30pF. 



3-716 



Raytheon Semiconductor For More Information, call 1-800-722-7074. 



REF-02 



Electrical Characteristics 

(V s = +1 5V, 0° and T A = 0°C £ T A £ +70°C and - 0 unless otherwise noted) 



Parameters 




REF-02C 


REF-02D 


Units 


Test Conditions 


MIn 


Typ 


Max 


MIn 


Typ 


Max 


Output Voltage Change With 
Temperature 3 - 4 


Over Temp. Range 




0.14 


0.45 




0.49 


1.7 


% 


Output Voltage Temperature 
Coefficient 5 


Over Temp. Range 




20 


65 




70 


250 


ppm/°C 


Change in V 0UT Temperature 
Coefficient With Output Adjustment 


R TRIM = 10kfl 




0.7 






0.7 




ppm/% 


Line Regulation 2 


V s = +8Vto+33V 




0.011 


0.018 




0.020 


0.025 


%/V 


Load Regulation 2 


'load = 0mA to 5mA 




0.008 


0.018 




0.020 


0.025 


%/mA 


Tempco Voltage Output 
Temperature Coefficient 6 






2.1 






2.1 




mV/°C 



Notes: 1 . Guaranteed by design. 

2. Line and load regulation specifications include the effects of self heating. 

3. Output voltage change with temperature = (V MAX - V MII ^ 1 qo^sv 

4. Output voltage change with temperature specification applies untrimmed, or trimmed to +5V. 

5. Output voltage temperature coefficient = (Output voltage change with temperature X 10 6 V[(100%)(70 < C)] 

6. Limit current in or out of pin 3 to 50nA and limit capacitance on pin 3 to 30pF. 



For More information, call 1-800-722-7074. Raytheon Semiconductor 
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Typical Performance Characteristics 



Maximum Load Current vs. 
Differential Voltage 



< 

E 



35 
30 
25 
20 
15 
10 
5 
0 





/- Short 


Circuit Protection 










500 m 


W Maximum -/^^ 




Di 


ssipation 


















+25°C 











Output Adjustment 

+15V 



10 15 20 

+V s -V 0U t(V) 



Normalized Load Regulation 
(AI L0AD = 10 mA) vs. Temperature 



25 



n 

« o 

DC CD 

5 g 



1.4 
1.3 
1.2 
1.1 
1.0 
0.9 
0.8 
0.7 
0.6 









































































































































+V S «+15V 





















-60 



-20 



+20 +60 
T A (°C) 



+100 +140 



Normalized Line Regulation vs. Temperature 

1.4 




Tempco 



r I O V 

I 



v OUT 

REF-02 
Trim 

Gnd 



-O Output 



R TRIM 
10K 



The REF-02 trim terminal can be used to adjust the 
output voltage over a 5V d300mV range. This feature 
allows the system designer to trim system errors by 
setting the reference to a voltage other than 5V. Of 
course, the output can also be set to exactly 5.000V 
or to 5.12V for binary operation. Adjustment of the 
output does not significantly affect the temperature 
performance of the device. Typically the temperature 
coefficient change is 0.7ppm/°C for 100mV of output 
adjustment. 



Burn-In Circuit 

+18V 




+20 +60 
T A (°C) 



+140 



Gnd 



-18V 
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Typical Applications 

Figure 3 shows how the REF-02 can be connected 
with an OP-07 to create an electronic thermometer. 
The circuit uses the +5V reference output and the op 
amp to level shift and amplify the 2.1mV/°C Tempco 
output into a voltage signal dependent on the ambient 
temperature. Different scaling can be obtained by 
selecting appropriate resistors from the table in Figure 
3, giving output slopes calibrated in degrees Celsius 
or degrees Fahrenheit. 

To calibrate, first measure the voltage on the Tempco 

P in ( v tempco) and ^ e ambient room temperature (T A 
in °C). Put those values into the following equation: 



v TEMPCO 



(in millivolts) 



(S)(T A + 273) 



Where S = Slope factor for your circuit selected from 
the table in Figure 3 (in millivolts per °C or °F). 



Then turn the circuit power off, short VOUT 9 pin 6) of 
the REF-02 to ground, and while applying exactly 
1 0O.OOmV to the op amp output, adjust R^ so that V B 
■ (X) (100mV). Now remove the short and the 100mV 
source, reapply circuit power and adjust R TR!M so that 
the op amp output voltage equals (T A )(S). The 
system is now exactly calibrated. 

For remote sensor applications a 1 .5Q resistor (Rs) 
must be connected in series with the Tempco pin to 
isolate it from cable capacitances. Low temperature 
coefficient metal film resistors must be used for R A , 
R B and Re- 

Better grades of REF-02 will provide greater accuracy 
over a wider range of temperatures. To decrease op 
amp input errors, use an OP-27 instead of an OP-07. 
A system using a REF-02 and an OP-07 will provide a 
typical accuracy of ±0.5% over the military 
temperature range. 



Tempco 




Voltage Compliance: 
-25V to +3 V 



l0UT .Y^I + 1mA 



Tempco < 




Voltage Compliance: 
-3Vto+25V 



-15V 



lour-^+lmA 



65-0974 



Figure 1 . Current Source 



Figure 2. Current Sink 



For More information, call 1-800-722-7074. Raytheon Semiconductor 
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*Up to 1 0 feet of shelded 4-conductor cable. 



OVqut 



i Note: OP-07 pin numbers shown 
are for 8-lead packages. 



T c V 0 ut-(2.1 mV/°C)(1 + 



Rc 
RaIIRb 



) Where R B - R B1 +1^ 



VoUT - ( H tt^t- ) V TEMPC o - ( ^ ) ( Vout) 

Ha IIHb R a 



Resistor Values 



TCV^SIopefs) 


10mV/°C 


100mV/°C 


10mV/°F 


Temperature Range 


-55°Cto+125°C 


-55°Cto+125°C 


-65°Fto+257°F 


Output Voltage Range 


-055V to +1. 25V 


-5.5V to 12.5V 


-.67Vto+2.57V 


Zero Scale 


0Vat0°C 


0Vat0°C 


0Vat0°F 


R A (±1% Resistor) 


9.09Kf2 


15KB 


8.25KQ 


R B1 (±1% Resistor) 


1.5Kft 


1.82KA 


1.0KQ 


Rg2 (Potentiometer) 


200Q 


500Q 


2oon 


R c (±1% Resistor) 


5.1 1Kn 


84.5KO 


7.5KQ 



Figure 3. Precision Electronic Thermometer 
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Schematic Diagram 




For More information, call 1-800-722-7074. Raytheon Semiconductor 
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RC4190 

Mcropower Switching Regulators 



Description 

The RC4190 monolithic IC is a low power switch 
mode regulator intended for miniature power supply 
applications. This DC-to-DC converter IC provides all 
of the active components needed to create supplies 
for micropower circuits (load power up to 400 mW, or 
up to 10W with an external power transistor). Con- 
tained internally are an oscillator, switch, reference, 
comparator, and logic, plus a discharged battery 
detection circuit. 

Application areas include on-card circuits where a 
non-standard voltage supply is needed, or in battery 
operated instruments where a 4190 can be used to 
extend battery lifetime. 

These regulators can achieve up to 85% efficiency in 
most applications while operating over a wide supply 
voltage range, 2.2V to 30V, at a very low quiescent 
current drain of 215 nA. 

The standard application circuit requires just seven 
external components for step-up operation: an 
inductor, a steering diode, three resistors, a low value 
timing capacitor, and an electrolytic filter capacitor. 
The combination of simple application circuit, low 
supply current, and small package make the 4190 
adaptable to a wide range of miniature power supply 
applications. 

The 4190 is most suited for single ended step-up 
( v out > v in) circuits because the NPN internal switch 
transistor is referenced to ground. It is complemented 
by another Raytheon micropower switching regulator, 
the 4391, which is dedicated to step-down (V^ < VJ 
and inverting V^ = -VJ applications. Between the 
two devices the ability to create all three basic switch- 



ing regulator configurations is assured. Refer to the 
4391 data sheet for step-down and inverting applica- 
tions. 

With some optional external components the applica- 
tion circuit can be designed to signal a display when 
the battery has decayed below a predetermined level, 
or designed to signal a display at one level and then 
shut itself off after the battery decays to a second 
level. See the applications section for these and other 
unique circuits. 

The 4190 micropower switching regulator series 
consists of three devices, each with slightly different 
specifications. The RM4190 has a 1 .5% maximum 
output voltage tolerance, 0.2% maximum line regula- 
tion, and operation to 30V. The RC4190 has a 5.0% 
maximum output voltage tolerance, 0.5% maximum 
line regulation, and operation to 24V (RC4190) and 
30V (RC4190A). Other specifications are identical. 
Each type is available in plastic and ceramic DIPs, or 
SO-8 packages. 

Features 

♦ High efficiency — 85% typical 

♦ Low quiescent current — 215 jxA 

♦ Adjustable output — 1 .3V to 30V 

♦ High switch current — 200 mA 

♦ Bandgap reference — 1 .31 V 

♦ Accurate oscillator frequency — ±1 0% 

♦ Remote shutdown capability 

♦ Low battery detection circuitry 

♦ Low component count 

♦ 8-lead packages including small outline 
(SO-8) 



For More Information, call 1-800-722-7074. 
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Connection Information 



Ordering Information 



8-Lead 
DIP 

(Top View) 



Small Outline 
SO-8 

(Top View) 





Pin Function 

1 Low Battery (Set) Resistor (LBR) 

2 Timing Capacitor (C x ) 

3 Ground 

4 External Inductor (y 

5 +Supply Voltage (+V S ) 

6 Reference Set Current (IJ 

7 Feedback Voltage (V re ) 

8 Low Battery Detector Output (LBD) 







Operating 


Part Number 


Package 


Temperature 






Range 


RC4190M 


M 


0°Cto+70°C 


RC4190AM 


M 


0°Cto+70°C 


RC4190N 


N 


0°Cto+70°C 


RM4190D 


D 


-55°Cto+125°C 


RM4190D/883B 


D 


-55°Cto+125°C 



Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
N ■ 8-lead plastic DIP 
D s 8 lead ceramic DIP 
M = 8-lead plastic SOIC 

Absolute Maximum Ratings (1) 

Supply Voltage (Without External Transistor) 

RM4190, RC4190A .....+30V 

RC4190 +24V 

Storage Temperature 

Range ^Cto+ISO'C 

Operating Temperature Range 

RM4190 . -55 # Cto+125 # C 

RC4190, RC4190A... (TC to +70'C 

Switch Current 375 mA Peak 



Note: 

1 . "Absolute maximum ratings" are those beyond which the 
safety of the device cannot be guaranteed. They are not 
meant to imply that the device should be operated at 
these limits. If the device is subjected to the limits in the 
absolute maximum ratings for extended periods, its 
reliability may be impaired. The tables of Electrical 
Characteristics provide conditions for actual device 
operation. 



Thermal Characteristics 





8-Lead 
Plastic 
DIP 


8-Lead 
Ceramic 
DIP 


Small 
Outline 
SO-8 


Max. Junction Temp. 


+125°C 


+175°C 


+125°C 


Max. P D T A <50*C 


468 mW 


833 mW 


300 mW 


Therm. Res 9^ 




45°C/W 




Therm. Res. G JA 


160°C/W 


150°C/W 


240°C/W 


ForT A >50°C Derate at 


6.25 mW/°C 


8.33 mW/°C 


4.17mW/°C 
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Functional Block Diagram 



8 



LBD 



7 

V FB 



6 



5 



Electrical Characteristics 

(+V S = +6.0V, l c = 5.0 pA over the full operating temperature range unless otherwise noted.) 



Parameters 


Symbol 


Conditions 


RM4190/RC4 


190A 


RC4190/RC4190A 


Units 


Min 


Typ 


Max 


Min 


Typ 


Max 


SuddIv Voltaae 






2.6 




30 


2.6 




24/30 


V 


Reference Voltage 
(Internal) 


v REP 




1.25 


1.31 


1.37 


1.20 


1.31 


1.42 


V 


Supply Current 




Measure at Pin 5 
14 = 0 




235 


350 




235 


350 


MA 


Line Regulation 




0.5V OUT <V S <V OUT 




0.2 


0.5 




0.5 


1.0 


%V 0 


Load Regulation 


L, 


V S = 0.5V OUT 
P L = 150 mW 




0.5 


1.0 




0.5 


1.0 


%v 0 


Reference Set Current 


'c 




1.0 


5.0 


50 


1.0 


5.0 


50 


MA 


Switch Leakage Current 


Ico 


V 4 = 24V(RC4190) 
30V (RM4190, 
RC4190A) 






30 






30 


ma 


Supply Current 
(Disabled) 


'so 


V c <200 mV 






30 






30 


ma 


Low Battery 
Output Current 


'lbo 


V 8 -=0.4V, 
V 1 = 1.1V 


500 


1200 




500 


1200 




ma 


Oscillator Frequency 
Temperature Drift 








4200 






i200 




ppm/°C 




For More Information, call 1^800-722-7074. 
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Electrical Characteristics 

(+V S = +6.0V, l c = 5.0 nA, and T A = 425°C unless otherwise noted.) 









RM4190//RV41907 
RC4190A 


RC4190/RV41907 
RC4190A 




Parameters 


Symbol 


Conditions 


Mln 


Typ 


Max 


Min 


Typ 


Max 


units 


Supply Voltage 






2.2 




30 


2.2 




24/30 


V 


neTerence vonage 
(Internal) 


w 

REF 




1.29 


1.31 


1.33 


1.24 


1.31 


1.38 


V 


Switch Current 




V 4 = 400 mV 


100 


200 




100 


200 




mA 


Supply Current 




Measure at Pin 5 
l 4 = 0 




215 


300 




215 


300 


MA 


Efficiency 


ef 






85 






85 




% 


Line Regulation 




0.5V OUT <V S <V OUT 

OUT S OUT 




0.04 


0.2 




0.04 


0.5 


%V 0 


Load Regulation 


L, 


V S = +0.5V OUT 
P L = 150 mW 




0.2 


0.5 




0.2 


0.5 


%v 0 


Operating Frequency 
Range 


Fo 




0.1 


25 


75 


0.1 


25 


75 


kHz 


Reference Set Current 


'c 




1.0 


5.0 


50 


1.0 


5.0 


50 


MA 


Switch Leakage Current 


•co 


V 4 = 24V(RC4190) 

30V(RM4190, 

RC4190A) 




0.01 


5.0 




0.01 


5.0 


ma 


Supply Current 
(Disabled) 


'so 


V c <200mV 




0.1 


5.0 




0.1 


5.0 


ma 


Low Battery 
Bias Current 




V 1 = 1.2V 




0.7 






0.7 




ma 


Capacitor Charging 
Current 


'cx 






8.6 






8.6 




MA 


Oscillator Frequency 
Tolerance 








±10 






±10 




% 


Capacitor Threshold 
Voltage + 








1.4 






1.4 




V 


Capacitor Threshold 
Voltage - 


-V 

V THX 






0.5 






0.5 




V 


Feedback Input 
Current 


'fs 


V 7 = 1.3V 




0.1 






0.1 




MA 


Low Battery 
Output Current 


'lbo 


V 8 = 0.4V, 
V 1 = 1.1V 


500 


1500 




500 


1500 




ma 
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Typical Performance Characteristics 



Minimum Supply Voltage 
vs. Temperature 



4.0 
3.0 
S 2.0 
1.0 



















































2.4V 
























2.0V 






1.8 V 



















































-75 -50 -25 0 +25 +50 +75 +100+125 
T A (°C) 



Quiescent Current vs. Temperature 



300 
250 
200 
150 
100 
50 
0 































2 


30 




? 


15 




















195 












































































































v s -+OV 












— I — I — 



-75 -50 -25 0 +25 +50 +75 +100+125 
T A (°C) 
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Principles of Operation 

Simple Step-Up Converter 

The most common application, the step-up regulator, 
is derived from a simple step-up (V^ > V^) DC-to- 
EC Converter (Figure 1). 




Figure 1. Simple Set-Up 



When switch S is closed, the battery voltage is applied 
across the inductor L. Charging current flows through 
the inductor, building up a magnetic field, increasing 
as the switch is held closed. While the switch is 
closed, the diode D is reverse biased (open circuit) 
and current is supplied to the load by the capacitor C. 
Until the switch is opened, the inductor current will 
increase linearly to a maximum value determined by 
the battery voltage, inductor value, and the amount of 
time the switch is held closed (l,^ = x T^). 
When the switch is opened, the magnetic field col- 
lapses, and the energy stored in the magnetic field is 
converted into a discharge current which flows 
through the inductor in the same direction as the 
charging current. Because there is no path for current 
to flow through the switch, the current must flow 
through the switch, the current must flow through the 
diode to supply the load and charge the output 
capacitor. 

If the switch is opened and closed repeatedly, at a rate 
much greater than the time constant of the output RC, 
then a constant dc voltage will be produced at the 
output. 

An output voltage higher than the input voltage is 
possible because of the high voltage produced by a 
rapid change of current in the inductor. When the 
switch is opened, the inductor voltage will instantly 
rise high enough to forward bias the diode, to + 



In the complete 41 90 regulator, a feedback control 
system adjusts the on time of the switch, controlling 
the level of inductor current, so that the average 
inductor discharge current equals the load current, 
thus regulating the output voltage. 

Complete Step-Up Regulator 

A complete schematic of the minimum step-up 
application is shown in figure 2. The ideal switch in the 
DC-to-DC Converter diagram is replaced by an open 
collector NPN transistor Q1 . C F functions as the output 
filter capacitor, and D1 and ^ replace D and L 

When power is first applied, the current in R1 supplies 
bias current to pin 6 (l c ). This current is stabilized by a 
unity gain current source amplifier and then used as 
bias current for the 1 .31 V bandgap reference. A very 
stable bias current generated by the bandgap is 
mirrored and used to bias the remainder of the chip. At 
the same time the 4190 is starting up, current will flow 
through the inductor and the diode to charge the 
output capacitor to - V D . 

At this point, the feedback (pin 7) senses that the 
output voltage is too low, by comparing a division of 
the output voltage (set by the ratio of R2 to R3) to the 
+1 .31 V reference. If the output voltage is too low then 
the comparator output changes to a logical zero. The 
NOR gate then effectively ANDs the oscillator square 
wave with the comparator signal; if the comparator 
output is zero AND the oscillator output is low, then 
the NOR gate output is high and the switch transistor 
will be forced on. When the oscillator goes high again, 
the NOR gate output goes low and the switch transis- 
tor will turn off. This turning on and off of the switch 
transistor performs the same function that opening 
and closing the switch in the simple DC-to-DC Con- 
verter does; i.e., it stores energy in the inductor during 
the on time and releases it into the capacitor during 
the off time. 

The comparator will continue to allow the oscillator to 
turn the switch on and off until enough charge has 
been delivered to the capacitor to raise the feedback 
voltage above 1.31V. 
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Thereafter, this feedback system will vary the duration 
of the on time in response to changes in load current 
or battery voltage (see Figure 3). If the load current 
increases (waveform C), then the transistor will remain 
on (waveform D) for a longer portion of the oscillator 



cycle (waveform B), thus allowing the inductor current 
(waveform E) to build up to a higher peak value. The 
duty cycle of the switch transistor varies in response 
to changes in load and time. 



©ILX 



+V S 



=2 V m 



© 
i 



-W- 



Id 



,_4 PJ 

~tx 4190 




X LBR LBD I 

IT 



NC NC 



►R2 



►R3 



(+) 
-O 



© 

Rl^'load 



Vout=V ref (B| + 1) 



(-) 



Figure 2. Complete Step-Up Regulator 



. 1.4V 
. 0.5V 
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Figure 3. Step-Up Regulator Waveforms 
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The inductor value and oscillator frequency must be 
carefully tailored to the battery voltage, output current, 
and ripple requirements of the application (refer to the 
Design Equations Section). If the Inductor value is too 
high or the oscillator frequency is too high, then the 
inductor current will never reach a value high enough 



+v s 



to meet the load current drain and the output voltage 
will collapse. If the inductor value is too low or the 
oscillator frequency too low, then the inductor current 
will build up too high, causing excessive output 
voltage ripple, or over stressing of the switch transis- 
tor, or possibly saturating the inductor. 
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Figure 4. High Power Step-Up Regulator 
(With the addition of a power transistor (TIP73) and a few components, 
the 4190 can accommodate load power up to 10W) 



Simple Step-Down Converter 

Figure 5 shows a step-down DC-to-DC Converter 
(Vq^ < V BAT ) with no feedback control. 



VOUT 



65-1644 

Figure 5. Simple Step-Down Converter 




When S is closed, the battery voltage minus the 
output voltage is applied across the inductor. All of the 
inductor current will flow into the load until the inductor 
current exceeds the load current. The excess current 
will then charge the capacitor and the output voltage 
will rise. When S is opened, the voltage applied 
across the inductor will discharge into the load. As in 
the step-up case, the average inductor current equals 
the load current. The maximum inductor current l MAX 
will equal (V BAT - V^J/L times the maximum on time of 
the switch transistor (T^). Current flows to the load 
during both half cycles of the oscillator. 
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Complete Step-Down Regulator 

Most step-down applications are better served by the 
4391 step-down and inverting switching regulator 
(refer to the 4391 data sheet). However, there is a 
range of bad power for which the 4190 has an 
advantage over the 4391 in step-down applications. 
From approximately 500 mW to 2W of load power, the 
4190 step-down circuit of Figure 6 offers a lower 
component count and simpler circuit than the compa- 
rable 4391 circuit, particularly when stepping down a 
voltage greater than 30V. 

Since the switch transistor in the 4190 is in parallel 
with the load, a method must be used to convert it to a 
series connection for step-down applications. The 
circuit of Figure 6 accomplishes this. The 2N2907 



replaces S of Figure 5, and R6 and R7 are added to 
provide the base drive to the 2N2907 in the correct 
polarity to operate the circuit properly. 

Greater Than 30V Step-Down Regulator 

Adding a zener diode in series with the base of the 
2N2907 allows the battery voltage to increase by the 
value of the zener, with only a slight decrease in 
efficiency. As an example, if a 24V zener is used, the 
maximum battery voltage can go to 48V* when using 
a 4190. Refer to Figure 7. 

Note: The addition of the zener diode will not alter the 
maximum change of supply. With a 24V zener, the 
circuit will stop operating when the battery voltage 
drops below 24V + 2.2V = 26.2V. 

Maximum battery voltage is 54V when using RM4190 (30V + 24V). 




Figure 6. Complete Step-Down Regulator 



Figure 7. Step-Down Regulator Greater Than 30V 
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Design Equations 

The inductor value and timing capacitor (C x ) value 
must be carefully tailored to the input voltage, input 
voltage range, output voltage, and load current 
requirements of the application. The key to the 
problem is to select the correct inductor value for a 
given oscillator frequency, such that the inductor 
current rises to a high enough peak value (l MAX ) to 
meet the average load current drain. The selection of 
this inductor value must take into account the varia- 
tion of oscillator frequency from unit to unit and the 
drift of frequency over temperature. Use ±20% as a 
maximum change from the nominal oscillator fre- 
quency. 

The worst-case conditions for calculating ability to 
supply load current are found at the minimum supply 
voltage; use +V S (min) to calculate the inductor value. 
Worst-case conditions for ripple are at +V S (max). 

The value of the timing capacitor is set according to 
the following equation: 



2.4 x10 6 
C x (pF) 



The squarewave output of the oscillator is internal and 
cannot be directly measured, but is equal in frequency 
to the triangle waveform measurable at pin 4. The 
switch transistor is normally on when the triangle 
waveform is ramping up and off when ramping down. 
Capacitor selection depends on the application; higher 
operating frequencies will reduce the output voltage 
ripple and will allow the use of an inductor with a 
physically smaller inductor core, but excessively high 
frequencies will reduce load driving capability and 
efficiency. 

Find a value for the start-up resistor R1 : 



R1 



V S -1-2V 
5pA 



Find a value for the feedback resistors R2 and R3: 

R2, V -- 1 - 31V 



R3=- 



1.31V 



Where l A is the feedback divider current (recommended 
value is between 50 \xA and 100 nA). 

Step-Up Design Procedure 

1. Select an operating frequency and timing 
capacitor as shown above (10 kHz to 
40kHz is typical). 

2. Find the maximum on time (add 5 \\S for the 
turn-off base recombination delay of Q1): 

T <*= ~k +5vs 



3. Calculate the peak inductor current l MAX (if 
this value is greater than 375 mA, then an 
external power transistor must be used in 
place of Q1): 

where: 

V s = supply voltage 

V D s diode forward voltage 

l L = dc load current 

V sw = saturation voltage of Q1 (typ 0.5V) 

4. Find an inductance value for L Y : 



Lx (Henries) = ^~ 



— j i, 



ON 



MAX 



The inductor chosen must exhibit approxi- 
mately this value at a current level equal to 1^ 

5. Calculate a value for the output filter 
capacitor: 



C f (mF): 



where V R = ripple voltage (peak) 

Step-Down Design Procedure 

1. Select an operating frequency. 

2. Determine the maximum on time (T^) as in 
the step-up design procedure. 
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3. Calculate 1,^: ^ 

W " ^(Tj(^l) + 1 

\ v 0UT V 0 ' 

4. Calculate L x : 

* 'max 7 

5. Calculate a value for the output filter capacitor: 

c F (pF) - leyi 

v R 

Alternate Design Procedure 

The design equations above will not work for the 
certain input/output voltage ratios, and for these 
circuits another method of defining component values 
must be used. If the slope of the current discharge 
waveform is much less than the slope of the current 
charging waveform, then the inductor current will 
become continuous (never discharging completely), 
and the equations will become extremely complex. 
So, if the voltage applied across the inductor during 
the charge time is greater than during the discharge 
time, used the design procedure below. For example, 
a step-down circuit with 20V input and 5V output will 
have approximately 15V across the inductor when 
charging, and approximately 5V when discharging. So 
in this example, the inductor current will be continuous 
and the alternate procedure will be necessary. 

1 . Select an operating frequency (a value between 
10 kHz and 40 kHz is typical). 

2. Build the circuit and apply the worst case condi- 
tions to it, i.e., the lowest battery voltage and the 
highest load current at the desired output voltage. 

3. Adjust the inductor value down until the desired 
output voltage is achieved, then go a little lower 
(approximately 20%) to cover manufacturing 
tolerances. 

4. Check the output voltage with an oscilloscope for 
ripply, at high supply voltages, at voltages as high 
as are expected. Also check for efficiency by 
monitoring supply and output voltages and cur- 
rents [eff = (V^) (UW+VJty x 100%$]. 



5. If the efficiency is poor, go back to (1 ) and start 
over. If the ripple is excessive, then increase the 
output filter capacitor value or start over. 

Compensation 

When large values ( >50 kfl) are used for the voltage 
setting resistors, R2 and R3 of Figure 2, stray capaci- 
tance at the V re input can add a lag to the feedback 
response, destabilizing the regulator, increasing low 
frequency ripple, and lowering efficiency. This can 
often be avoided by minimizing the stray capacitance 
at the V re node. It can also be remedied by adding a 
lead compensation capacitor of 1 00 pF to 1 0 nF in 
parallel with R2 in Figure 2. 

Inductors 

Efficiency and load regulation will improve if a quality 
high Q inductor is used. Aferrite pot core is recom- 
mended; the wind-yourself type with an air gap 
adjustable by washers or spacers is very useful for 
breadboarding prototypes. Care must be taken to 
choose a permeable enough core to handle the 
magnetic flux produced at l,^; if the core saturates, 
then efficiency and output current capability are 
severely degraded and excessive current will flow 
though the switch transistor. A pot core inductor 
design section is provided later in this datasheet 

An isolated AC current probe for an oscilloscope 
(example: Tektronix P6042) is an excellent tool for 
saturation problems; with it the inductor current can be 
monitored for nonlinearity at the peaks (a sign of 
saturation). 

Low Battery Detector 

An open collector signal transistor Q2 with comparator 
C2 provides the designer with a method of signaling a 
display or computer whenever the battery voltage falls 
below a programmed level (see Figure 8). This level is 
determined by the +1.3V reference level and by the 
selection of two external resistors according to the 
equation: 



Where V^ = Threshold Voltage for Detection 
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V - V 

TH " REF 



When the battery voltage drops below this threshold 
Q2 will turn on and sink over 1500 nA typically. The 
low battery detector circuitry may also be used for 
other, less conventional applications (see Figures 14 
and 15). 

Automatic Shutdown 

The bias control current for the reference is externally 
set by a resistor from the l c pin to the battery. This 
current can vary from LOpAto 50 pA without affect- 
ing the operation of the IC. Interrupting this current 
will disable the entire circuit, causing the output 
voltage to go to 0V for step-down applications, and 
reducing the supply current to less than 1 .0 \\A. 

Automatic shutdown of the 4190 can be achieved 
using the circuit of Figure 9. 

+v s 
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Figure 8. Low Battery Detector 
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Figure 9. Automatic Shutdown 



A resistor is placed from the l c pin to ground, creating 
a voltage divider. When the voltage at the l c pin is 
less than 1 ,2V, the 4190 will begin to turn off. This 
scheme should only be used in limited temperature 
range applications since the "turn off" voltage at the l c 
pin has a temperature coefficient of -4.0 mV/°C. At 
25°C, typically 250 nA is the minimum current re- 
quired by the l c pin to sustain operation. A5.0pA 
voltage divider works well taking into account the 
sustaining current of 250 nA and a threshold voltage 
of 0.4V at turn off. As an example, if 3.0V is to be the 
turn off voltage, then R9 = 1 .1/4.75 joA and R1 = (3.0 - 
1 .1 ) 5.0 |iA or about 240 kQ and 390 k£2 respectively. 
The tempco at the top of the divider will be -4.0 mV 
(R1 + R9)/R9 or -10.5 mV/°C, an acceptable number 
for many applications. 

Another method of automatic shutdown without 
temperature limitations is the use of a zener diode in 
series with the l c pin and set resistor. When the 
battery voltage falls below V z + 1 ,2V the circuit will 
start to shut down. With this connection and the low 
battery detector, the application can be designed to 
signal a display when the battery voltage has dropped 
to the first programmed level, then shut itself off as 
the battery reaches the zener threshold. 

The set current can also be turned off by forcing the l c 
pin to 0.2V or less using an external transistor or 
mechanical switch. An example of this is shown in 
Figure 10. 

In this circuit an external control voltage is used to 
determine the operating state of the 4190. If the 
control voltage V c is a logic 1 at the input of the 4025 
(CMOS Triple NOR Gate), the voltage at the l c pin will 
be less than 0.5V forcing the 4190 off (<0.1 nA y . 
Both the 2N3904 and 2N2907 will be off insuring long 
shelf for the battery since less than 1.0 jiAis drawn 
by the circuit. 

When V c goes to a logic 0, 2.0 \\A is forced into the l c 
pin through the 2.2 MQ resistor and the NOR gate, 
and at the same time the 2N3904 and 2N2907 turn 
on, connecting the battery to the load. 

As long as V c remains low the circuit will regulate the 
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output to 5.0V. This type of circuit is used to back up 
the main supply voltage when line interruptions occur, 
a particularly useful feature when using volatile 
memory systems. 

9.0V Battery Life Extender 

Figure 11 shows a common application: a circuit to 
extend the lifetime of a 9.0V battery. The regulator 
remains in its quiescent state (drawing only 215 pA) 



until the battery voltage decays below 7.5V, at which 
time it will start to switch and regulate the output at 
7.0V until the battery falls below 2.2V. 

If this circuit operates at its typical efficiency of 80%, 
with an output current of 1 0 mA, at 5.0V battery 
voltage, then the average input current will be l N = 
< v out x U + ( v bat x e f) or ( 70V x 1 0 mA) + (5.0V x 0.8 
mA) = 17.5 mA. 
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i 
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1/3 4025 
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Figure 10. Battery Back-Up Circuit 
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Figure 11 . 9.0V Battery Life Extender 
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Bootstrapped Operation (Step-Up) 

In step-up applications, power to the 4190 can be 
derived from the output voltage by connecting the +V S 
pin and the top of R1 to the output voltage (Figure 12). 

One requirement for this circuit is that the battery 
voltage must be greater than 3.0V when it is ener- 
gized or else there will not be enough voltage at pin 5 
to start up the IC. The big advantage of this circuit is 
the ability to operate down to a discharged battery 
voltage of 1.0V. 
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Figure 12. Bootstrapped Operation (Step-Up) 



Buck-Boost Circuit (Step-Up/Down) 

A disadvantage of the standard step-up and step- 
down circuits is the limitation of the input voltage 
range; for a step-up circuit, the battery voltage must 
always be less than the programmed output voltage, 
and for a step-down circuit, the battery voltage must 
always be greater than the output voltage. The 



following circuit eliminates this disadvantage, allowing 
a battery voltage above the programmed output 
voltage to decay to well below the output voltage (see 
Figure 13). 

The circuit operation is similar to the step-up circuit 
operation, except that both terminal of the inductor are 
connected to switch transistors. This switching method 
allows the inductor to be disconnected from the 
battery during the time the inductor is being dis- 
charged. A new discharge path is provided by D1 , 
allowing the inductor to be referenced to ground and 
independent of the battery voltage. The efficiency of 
this circuit will be reduced to 55-60% by losses in the 
extra switch transistor and diode. Efficiency can be 
improved by choosing transistors with low saturation 
voltages and by using power Schottky diodes such as 
Motorola's MBR030. 
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Figure 13. Buck Boost Circuit (Step-Up/Down) 
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Step-Up Voltage Dependent Oscillator 

The 4190's ability to supply load current at low battery 
voltages depends on the inductor value and the 
oscillator frequency. Low values of inductance or a low 
oscillator frequency will cause a higher peak inductor 
current and therefore increase the load current 
capability. A large inductor current is not necessarily 
best, however, because the large amount of energy 
delivered with each cycle will cause a large voltage 
ripple at the output, especially at high input voltages. 
This trade-off between load current capability and 
output ripple can be improved with the circuit connec- 
tion shown in Figure 14. This circuit uses the low 
battery detector to sense for a low battery voltage 
condition and will decrease the oscillator frequency 
after a pre-programmed threshold is reached. 

The threshold is programmed exactly as the noram 
low battery detector connection: 



V = V 

TH REF 



When the battery voltage reaches this threshold, the 
comparator will turn on the open collector transistor at 



pin 8, effectively putting C2 in parallel with C x . This 
added capacitance will reduce the oscillator frequency 
according to the following equation: 

2.4 X10" 8 



C x + C2 



Where C is in pF and F 0 is in Hz. 

Component values for a typical application might be 
R2 = 330 kft R5 = 150 kft C x = 100 pF, and C2 = 
100 pF. These values would set the threshold voltage 
at 4.1V and change the operating frequency from 48 
kHz to 24 kHz. Note that this technique may be used 
for step-up, step-down, or inverting applications. 

Step-Down Regulator With Protection 

One disadvantage of the simple application circuits is 
their lack of short circuit protection, especially for the 
step-up circuit, which has a very low resistance path 
for current flow from the input to the output. A current 
limiting circuit which senses the output voltage and 
shuts down the 4190 if the output voltage drops too 
low can be built using the low battery detector cir- 
cuitry. The low battery detector is connected to sense 
the output voltage and will shut off the oscillator by 
forcing pin 2 low if the output voltage drops. Figure 15 
shows a schematic of a step-down regulator with this 
connection. 



BAT 

o— 




Figure 14. Step-Up Voltage-Dependent Oscillator 
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R2 and R3 set the output voltage, as in the circuit of 
Figure 2. Choose resistor values so R5 = R3 and R4 = 
R2, and make R8 25 to 35 times higher than R3. 
When the output is shorted, the open collector transis- 
tor at pin 8 will force pin 2 low and shut off the oscilla- 
tor and therefore shut off the external switch transistor. 
The regulator will then remain in a low current off 
condition until power is removed and reapplied. C2 
provides momentary current to ensure proper start-up. 
This scheme will not work with the simple step-up 
regulator, but will work with the boost-buck converter, 
providing short circuit protection in both step-up and 
step-down modes. 

4190/4391 ± Power Supply 

A positive and negative dual tracking power supply 
using a step-up 4190 and an inverting 4391 is shown 
in Figure 16. The inductor and capacitor values were 
chosen to achieve the highest practical output cur- 
rents from a +12V battery, as it decays, while keeping 
the output voltage ripple under 100 mVp-p at±15V 
output. 



The circuit may be adapted to other voltages and 
currents, but note that the 4190 is step-up, so 
must be greater than 

The output voltages may both be trimmed by adjusting 
a single resistor value (R3 or R4), because the 
reference for the negative output is derived from 
+V our This connection also allows the output voltages 
to track each other with changes in temperature and 
line voltage. 

The timing capacitors are set up exactly as in the 
voltage dependent oscillator application of Figure 14. 
The values of R2, R5, C6, and C4 that are given were 
chosen to optimize for the +12V battery conditions, 
setting the threshold for oscillator frequency change at 

Vbat = +8-5V. 

As given, this power supply is capable of delivering 
+45 mA and -1 5 mA with regulation, until the battery 
decays below 5.0V. 

For information on adjusting the 4391 to meet a 
specific application refer to the Raytheon 4391 data 
sheet. 
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Figure 15. Step-Down Regulator With Protection 
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Figure 16. 4190/4391 Power Supply (±15V) 



Negative Step-Up Regulator 

In the circuit of Figure 17, a bootstrap arrangement of 
supply and ground pins helps generate an output 
voltage more negative than the input voltage. On 
power-up, the output filter capacitor (C F ) will charge 
through D2 and L x . When the voltage goes below - 
2.4V, the 4190 begins switching and charging C F The 
output will regulate at a value equal to the reference 
voltage (1 .31V) plus the zener voltage of D1 . RZ sets 
the value of zener current, stabilized at 1 .31 V/R2. 



Figure 17. Negative Step-Up Regulator ewi3i 
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Troubleshooting Chart 



Symptom 


Possible Problem 


Draws excessive supply current on start-up 


Battery not "stiff" — inadequate supply bypass 
capacitor. 

Inductance value too low. 
Operating frequency (FJ too low. 


Output voltage is low. 


Inductance value too high for F 0 or core saturating. 


Inductor "sings" with audible hum. 


Not potted well or bolted loosely. 


Lx in appears noisy — scope will not synchronize. 


Normal operating condition. 


be 


A "'max 


Inductor is saturating: 

1. Core too small. 

2. Core too hot 

3. Operating frequency too low. 


Time 

Inductor current shows nonlinear waveform. 


Ilx 


-'max 

/ 1 1 1 \ 1 1 


Waveform has resistive component: 

1. Wire size too small. 

2. Power transistor lacks base drive. 

3. Components not rated high enough. 

4. Battery has high series resistance. 


Time 

Inductor current shows nonlinear waveform. 




_ "'max 


External transistor lacks base drive or beta is too low. 


Time 

65-6348 

Inductor current is linear until high current is reached. 


Poor efficiency. 


Core saturating. 
Diode or transistor: 

1. Not fast enough. 

2. Not rated for current level (high V CE SAT). 
High series resistance. 

Operating frequency too high. 


Motorboating (erratic current pulses). 


Loop stability problem — needs feedback capacitor 
from to V re (pin 7), 1 00 to 1 000 pF. 
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Background Information 

During the past several years there have been various 
switching regulator ICs introduced by many manufac- 
turers, ail of which attended to the same market, 
namely controllers for use in power supplies delivering 
greater than 10W of DC power. Raytheon felt there 
was another area which could use a switching regula- 
tor to even more advance the area of battery powered 
equipment. Battery powered systems have problems 
peculiar unto themselves: changes in supply voltage, 
space considerations, battery life and usually cost. 
The 4190 was designed with each of these in mind. 

The 4190 was partitioned to work in an eight pin 
package, making it smaller than other controllers 
which go into 14 and 16 pin packages. 



Battery powered applications require the load as seen 
by the battery to be as small as possible to extend 
battery life. To this end, the quiescent current of the 
4190 is 15 to 100 times less than controllers designed 
for nonbattery applications. At the same time, the 
switch transistor can sink 200 mA at 0.4V., compa- 
rable to or better than higher powered controllers. As 
an example, the 4190 configured in the step-up mode 
can supply 5.0V at 40 mA output with an input of 3.0V. 

Cost is usually a primary consideration in battery 
powered systems. The 4190, guaranteed to work 
down to 2.2V, can save the designer and end user 
money as well because battery costs decrease as the 
number of cells needed goes down. 



Soft Start 

+v s 




65-2076 



Figure 18: Soft Start Circuit 

The delay introduced by the RC time constant at 
start-up allows the output filter capacitor to charge up, 
reducing the instantaneous supply current. A typical 
value for C is in the 0.1 nF range. 



3-742 



Raytheon Semiconductor 



For More Information, call 1-800-722-7074. 



RC4190 



Bootstrapped Low Voltage Start-Up 

Figure 19 shows the bootstrapped application can be 
"kicked on" using an extra capacitor and triple pole 
double throw switch (3PDT). This connection allows 
the circuit to start up using a single Ni-Cad cell of 1 .2V 
to 1 .6V. When power is first applied the 1 .2V battery 
does not provide enough voltage to meet the mini- 
mum 2.2V supply voltage requirement. The 22jxF 
capacitor, when switched, temporarily doubles the 
battery voltage to bias up the 4190. 
When the switch is the down position, the capacitor 
charges up to the battery voltage. The, when the 



switch is changed to the up position, the capacitor is 
put in series connection with the battery, and the 
doubled voltage is applied directly to the positive 
power supply lead of the 4190. This voltage is 
enough to bias the junctions internal to the 4190 and 
gets it started. Then, when the stepped up output 
voltage reaches a high enough value, diode D1 is 
forward biased and the output voltage takes over 
supplying power to the 4190. The circuit is shown with 
component values for +5V output, but the circuit can 
be set up for other voltages. 



22 pF 
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Figure 19: Bootstrapped Low Voltage Start-up 
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Magnetic Circuit 

Electrical Circuit 




Figure 20. Electricity Versus Magnetism 



Electricity Versus Magnetism 

Electrically the inductor must meet just one require- 
ment, but that requirement can be hard to satisfy. The 
inductor must exhibit the correct value of inductance 
(L, in Henrys) as the inductor current rises to its 
highest operating value (l MAX ). This requirement can 
be met most simply by choosing a very large core and 
winding it until it reaches the correct inductance value, 
but that brute force technique wastes size, weight and 
money. A more efficient design technique must be 
used. 



Question: What happens if too small a core is used? 

First, one must understand how the inductor's mag- 
netic field works. The magnetic circuit in the inductor 
is very similar to a simple resistive electrical circuit 
(see Figure 20). There is a magnetizing force (H, in 
oersteds), a flow of magnetism, or flux density (B, in 
Gauss), and resistance to the flux, called permeability 
(U, in Gauss per oersted). H is equivalent to voltage in 
the electrical model, flux density is like current flow, 
and permeability is like resistance (except for two 
important differences discussed on the following 
page). 
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First Difference: Permeability, instead of being 
analogous to resistance, is actually more like conduc- 
tance (1/R). As permeability increases, flux increases. 

Second Difference: Resistance is a linear function. 
As voltage increases, current increases proportionally, 
and the resistance value stays the same. In a mag- 
netic circuit the value of permeability varies as the 
applied magnetic force varies. This nonlinear charac- 
teristic is usually shown in graph form in ferrite core 
manufacturer's data sheets. See Figure 21. 




Stackpole Ceramag 24B 
' Hysteresis Loop vs. Temperature 
J I I I I I I 



-0.5 0 0.5 1 2 2.5 3 5 7 9 
H Oersteds 

Figure 21: Typical Manufacturer's Curve Showing 
Saturation Effects 



As the applied magnetizing force increases, at some 
point the permeability will start decreasing, and 
therefore the amount of magnetic flux will not increase 
any further, even as the magnetizing force increases. 
The physical reality is that, at the point where the 
permeability decreases, the magnetic field has 
realigned all of the magnetic domains in the core 
material. Once all of the domains have been aligned 
the core will then carry no more flux than just air; it 
becomes as if there were no core at all. This phenom- 
enon is called saturation. Because the inductance 
value, L, is dependent on the amount of flux, core 
saturation will cause the value of L to decrease 
dramatically, in turn causing excessive and possibly 
destructive inductor current. 



Pot Cores for 4190 

Pot core inductors are best suited for the 4190 
micropower switching regulator for several reasons: 

1 . They are available In a wide range of sizes. 

4190 applications are usually low power with 
relatively low peak currents (less than 500mA). A 
small inexpensive pot core can be chosen to meet 
the circuit requirements. 

2. Pot cores are easily mounted. They can be 
bolted directly to the PC card adjacent to the 
regulator IC. 

3. Pot cores can be easily air-gapped. The length 
of the gap is simply adjusted using different 
washer thicknesses. Cores are also available 
with predetermined air gaps. 

4. Electromagnetic Interference (EMI) Is kept to a 
minimum. The completely enclosed design of pot 
core reduces stray electromagnetic radiation — 
an important consideration of the regulator circuit 
is built on a PC card with other circuitry. 

Core Size 

Question: Is core size selected according to load 
power? 

Not quite. Core size is dependent on the amount of 
energy stored, not on load power. Raising the operat- 
ing frequency allows smaller cores and windings. 
Reduction of the size of the magnetics is the main 
reason switching regulator design tends toward higher 
operating frequency. Designs with the 4190 should 
use 75kHz as a maximum running frequency, because 
the turn off delay of the power transistor and stray 
capacitive coupling begin to interfere. Most applica- 
tions are in the 1 0 to 50kHz range, for efficiency and 
EMI reasons. 

The peak inductor current (IMAX) must reach a high 
enough value to meet the load current drain. If the 
operating frequency is increased, and simultaneously 
the inductor value is decreased, then the core can be 
made smaller. For a given core size and winding, an 
increase in air gap spacing (an air gap is a break in 
the material in the magnetic path, like a section 
broken off a doughnut) will cause the inductance to 
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#1 



#2 



#3 



#4 




22X 
13 mm 

24 Gauge 
70 Turns 
DC£2 - 0.5ft 

18X 
11 mm 

26 Gauge 
70 Turns 
DCn - 0.7ft 

14X 
8 mm 

28 Gauge 
60 Turns 

dcq - o.ea 

11X 

7 mm 

30 Gauge 
50 Turns 

Dca- ia 



E 
< 




Gap -0.006" 



decrease and l MAX (the usable peak current before 
saturation) to increase. 



The curves shown in Figure 21 are typical of the ferrite 
manufacturer's power HF material, such as Siemens 
N27 or Stackpole 24B, which are usually offered in 
standard millimeter sizes including the sizes shown. 

Use of the Design Aid Graph (Figure 22) 

1 . From the application requirement, determine the 
inductor value (L) and the required peak current 
(U- 

2. Observe the curves of the design aid graph and 
determine the smallest core that meets both the 
L and I requirements. 

3. Note the approximate air gap at l MAX for the 
selected core, and order the core with the gap. (If 
the gapping is done by the user, remember that a 
washer spacer results in an air gap of twice the 
washer thickness, because two gaps will be 
created, one at the center post and one at the 
rim, like taking two bites from a doughnut.) 

4. If the required inductance is equal to the indicated 
value on the graph, then wind the core with the 
number of turns shown in table of sizes. The 
turns given are the maximum number for that 
gauge of wire that can be easily wound in the 
cores winding area. 

5. If the required inductance is less than the 
value indicated on the graph, a simple 



1mH 2mH 3 mH 
Inductor Value (Henries) 
'Includes safety margin (25%) to ensure nonsaturation 

Figure 22: Inductor Design Aid 

calculation must be done to find the adjusted 
number of turns. Find AL (inductance index) 
for a specific air gap. 
L (indicated) 



Turns 2 



= \ (in Henrys/turn 2 ) 



Then divide the required inductance value by \Xo 
give the actual turns squared, and take the square 
root to find the actual turns needed. 
Actual Turns - L (required) 

If the actual number of turns is significantly less 
than the number from the table then the wire size 
can be increased to use up the left-overwinding 
area and reduce resistive losses. 

Wind and gap the core as per calculations, 
and measure the value with an inductance 
meter. Some adjustment of the number of 
turns may be necessary. 

The saturation characteristics may be checked 
with the inductor wired into the switching regulator 
application circuit. To do so, build and power up 
the circuit. Then (recommend Tektronix P6042 or 
equivalent) around the inductor lead and monitor 
the current in the inductor. Draw the maximum 
load current from the application circuit so that the 
regulator is running at close to full duty cycle. 
Compare the waveform you see to those pictured 
in Figure 23. 

Check for saturation at the highest expected 
ambient temperature. 
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Proper Operation 
(Waveform is Fairly Linear) 
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Figure 23: Inductor 



7. After the operation in circuit has been checked, 
reassemble and pot the core using a potting 
compound recommended by the manufacturer. 

If the core material differs greatly in magnetic 
characteristics from the standard power material 
shown in Figure 22, then the following general 
equation can be used to help in winding and 
gapping. This equation can be used for any core 
geometry, such as an E-E core. 

. _ (l.26)(N^)(Ae)(l0 8 ) 
^" g = (le/ue) 

Where: N = number of turns 

Ae = core area from data sheet (in cm 2 ) 
le = magnetic path length from data 

sheet (in cm) 
ue = permeability of core from 

manufacturer's graph 
g= center post air gap (in cm) 



Improper Operation 
(Waveform is Nonlinear, Inductor Is 
Saturating) 
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Manufacturers 

Below is a list of several pot core manufacturers: 

Ferroxcube Company 
5083 Kings Highway 
Saugerties, NY 12477 

Indiana General Electronics 
Keasley, NJ 08832 

Siemens Company 
186 Wood Avenue South 
Iselin, NJ 08830 

Stackpole Company 
201 Stackpole Street 
St. Mary, PA 15857 

TDK Electronics 
13-1-Chome 

Nihonbaski, Chuo-ku, Tokyo 
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RC4191/4192/4193 

Micropower Switching Regulators 



Description 

The RC41 91/41 92/41 93 series of monolithic ICs are 
low power switch mode regulators intended for 
miniature power supply applications. These DC-to-DC 
converter ICs provide all of the active components 
needed to create supplies for micropower circuits. 
Contained internally are an oscillator, switch, refer- 
ence, comparator, and logic, plus a discharged battery 
detection circuit. 

These regulators can achieve up to 85% efficiency in 
most applications while operating over a wide supply 
voltage range, 2.2V to 30V, at a very low quiescent 
current drain of 215 pA. 

The standard application circuit requires just seven 
external components for step-up operation: an 
inductor, a steering diode, three resistors, a low value 
timing capacitor, and an electrolytic filter capacitor. 
The combination of simple application circuit, low 
supply current, and small package make the 4193 
adaptable to a wide range of miniature power supply 
applications. 

The 4193 is most suited for single ended step-up 
( v out > v J circuits because the NPN internal switch 
transistor is referenced to ground. It is complemented 
by Raytheon's micropower switching regulator, the 
4391 , which is dedicated to step-down (V^ < V IN ) 
and inverting V^ = -VJ applications. Between the 
two devices the ability to create all three basic switch- 
ing regulator configurations is assured. Refer to the 
4391 data sheet for step-down and inverting applica- 
tions. 



The 4191/92/93 series of micropower switching 
regulators consists of three devices, each with slightly 
different specifications. The RM4191 has a 1.5% 
maximum output voltage tolerance, 0.2% maximum 
line regulation, and operation to 30V. The RC4192 
has a 3.0% maximum output voltage tolerance, 0.5% 
maximum line regulation, and operation to 30V. The 
4193 has a 5.0% maximum output voltage tolerance, 
0.5% maximum line regulation, and operation to 24V. 
Other specifications are identical for the 4191 , 4192 
and 4193. Each type is available in commercial, 
industrial, and military temperature ranges, and in 
plastic and ceramic DIPs and SO-8 packages. 

Features 

♦ High efficiency — 85% typical 

♦ Low quiescent current — 21 5 \iA 

♦ Adjustable output — 1 .3V to 30V 

♦ High switch current — 200 mA 

♦ Bandgap reference — 1 ,31 V 

♦ Accurate oscillator frequency — ±1 0% 

♦ Remote shutdown capability 

♦ Low battery detection circuitry 

♦ Low component count 

♦ 8-lead packages 
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Connection Information 



Functional Block Diagram 



8-Lead DIP 

(Top View) 




Pin 
1 
2 
3 
4 
5 
6 
7 
8 



Function 

Low Battery (Set) Resistor (LBR) 
Timing Capacitor (C x ) 
External Inductor (y 
Ground 

+ Supply Voltage (+V S ) 
Reference Set Current (IJ 
Feedback Voltage (V re ) 
Low Battery Detector Output (LBD) 



Ordering Information 







Operating 


Part Number 


Package 


Temperature 






Range 


RC4191M 


M 


0°Cto+70°C 


RC4192M 


M 


0°C to +70°C 


RC4193M 


M 


0°Cto+70°C 


RC4191N 


N 


0°Cto+70°C 


RC4192N 


N 


0°C to +70°C 


RC4193N 


N 


0°Cto+70°C 


RV4191N 


N 


-25°Cto-f85°C 


RV4192N 


N 


-25°Cto+85°C 


RV4193N 


N 


-25°Cto+85°C 


RM4191D 


D 


-55°Cto+125°C 


RM4192D 


D 


-55°Cto+125°C 


RM4193D 


D 


-55°Cto+125°C 


RM4191D/883B 


D 


-55°Cto+125°C 



Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
N * 8-lead plastic DIP 
D = 8 lead ceramic DIP 
M = 8-lead plastic SOIC 



LBR 



Gnd 



4191/2/3 




+1.2V 



i — Bias —I 



LBD 



Absolute Maximum Ratings (1) 

Supply Voltage (Without External Transistor) 

4191,4192 +30V 

4193... +24V 

Storage Temperature 

Range -65°Cto+150°C 

Operating Temperature Range 

RM4191/2/3 -55°Cto+125°C 

RV4191/2/3 -25°Cto+85°C 

RC4191/2/3 0°Cto+70°C 

Switch Current 375 mA Peak 

Note: 

1 . "Absolute maximum ratings" are those beyond which the 
safety of the device cannot be guaranteed. They are not 
meant to imply that the device should be operated at these 
limits. If the device is subjected to the limits in the absolute 
maximum ratings for extended periods, its reliability may be 
impaired. The tables of Electrical Characteristics provide 
conditions for actual device operation. 
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Thermal Characteristics 





0.1 aoH 
O'LcoU 


D'LcaU 


OITiall 




Plastic 


Ceramic 


Outline 




DIP 


DIP 


SO-8 


Max. Junction Temp. 


+125°C 


+175°C 


+125°C 


Max. P D T A <50°C 


468 mW 


833 mW 


300 mW 


Therm. Res 6^ 




45°C/W 




Therm. Res. 0 JA 


160°C/W 


150°C/W 


240°C/W 


ForT A >50'C Derate at 


6.25 mW/°C 


8.33mW/°C 


4.17mW/°C 



Electrical Characteristics 

(V s = +6.0V, l c = 5.0 nA, and T A = +25°C unless otherwise noted) 









4191 


4192 


4193 




Parameters 


Symbol 


Conditions 


Min 


TVD 

'Jr 


Max 


Min 


Tvd 


Max 


Min 


■/r 


Max 


Units 


Supply Voltage 






2.2 




30 


2.2 




30 


2.2 




24 


V 


Reference Voltage 


























(Internal) 


v 

REF 




1.29 


1.31 


1.33 


1.27 


1.31 


1.35 


1.24 


1.31 


1.38 


V 


Switch Current 


'sw 


V 3 = 400mV 


100 


200 




100 


200 




100 


200 




mA 


OUppiy vsUllolU 


1 

'SY 


IvlcabUrU al rill O 


























«3=0 




215 


300 




215 


300 




215 


300 


PA 


Efficiency 


ef 






85 






85 






85 




% 


Line Regulation 




0.5V 0 <V S <V 0 




0.04 


0.2 




0.04 


0.5 




0.04 


0.5 


%v 0 


Load Regulation 


L, 


V S = +0.5V 0 


























P L = 150mW 




0.2 


0.5 




0.2 


0.5 




0.2 


0.5 


%v 0 


Operating Frequency 


























Range 1 






0.1 


25 


75 


0.1 


25 


75 


0.1 


25 


75 


kHz 


Reference Set Current 


'c 




1.0 


5.0 


50 


1.0 


5.0 


50 


1.0 


5.0 


50 


MA 


Switch Leakage 


























Current 


'co 


V 3 = 24V (4193) 
V 3 = 30V(4191/2) 




0.01 


5.0 




0.01 


5.0 




0.01 


5.0 


MA 


Supply Current 


























(Disabled) 


'so 


V c <200mV 




0.1 


5.0 




0.1 


5.0 




0.1 


5.0 


HA 


Low Battery 


























Bias Current 


I, 


V 1 = 1.2V 




0.7 






0.7 






0.7 




HA 


Capacitor Charging 


























Current 


'cx 






8.6 






8.6 






8.6 




MA 


Oscillator Frequency 


























Tolerance 








±10 






±10 






±10 




% 
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Electrical Characteristics (Continued) 

(V s - +6.0V, l c - 5.0 nA, and T A = +25°C unless otherwise noted) 









4191 


4192 


4193 




Parameters 


Symbol 


Conditions 


Min 


iyp 


Max 


Min 


Typ 


Max 


Min 


Typ 


Max 


Units 


Capacitor Threshold 


























Voltage + 








1.4 






1.4 






1.4 




V 


Capacitor Threshold 


























Voltage - 








0.5 






0.5 






0.5 




V 


Feedback Input 


























Current 


'fb 


V 7 = 1.3V 




0.1 






0.1 






0.1 




MA 


Low Battery 




V 8 = 0.4V 






















Output Current 


'lbd 


V, = 1.1V 


500 


1500 




500 


1500 




500 


1500 




ma 


(+V S s 6.0V, l c = 5.0 juA, unless otherwise noted, over the full operating temperature range) 


Supply Voltage 


+v s 




2.6 




30 


2.6 




30 


2.6 




24 


V 


Reference Voltage 


























(Internal) 






1.25 


1.31 


1.37 


1.23 


1.31 


1.39 


1.20 


1.31 


1.42 


V 


Supply Current 


■» 


Measure at Pin 5 


























"3 = 0 




225 


350 




225 


350 




225 


350 


MA 


Line Regulation 




0.5V 0 < + V S <V 0 




0.2 


0.5 




0.5 


1.0 




0.5 


1.0 


%vo 


Load Regulation 


L, 


V S = +0.5V 0> 


























P L = 150 mW 




0.5 


1.0 




0.5 


1.0 




0.5 


1.0 


%vo 


Reference Set Current 


>c 




1.0 


5.0 


50 


1.0 


5.0 


50 


1.0 


5.0 


50 


HA 


Switch Leakage 


























Current 


'co 


V 3 = 24V (4193) 
V 3 = 30V(4191/2) 






30 






30 






30 


VA 


Supply Current 


























(Disabled) 


'so 


V c <200mV 






30 






30 






30 


PA 


Low Battery 


























Output Current 


'lbd 


V a = 0.4V, 


























V 1 = 1.1V 


500 


1200 




500 


1200 




500 


1200 




MA 


Oscillator Frequency 
























ppm/ 


Temperature Drift 








d200 






±200 






±200 




°C 
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4.0 
3.0 
2.0 
1.0 



Minimum Supply Voltage vs. Temperature 



















































2.4V 
























2.0V 






1.8V 



















































I 

-75 -50 -25 0 +25 +50 +75 +100+125 
TaCC) 





300 




250 




200 




150 








100 




50 




0 



Quiescent Current vs. Temperature 

















2 
















30 




2' 


5 




















_ 195 












































































































v 8 -+ov 












I I 



-75 -50 -25 0 +25 +50 +75 +100+125 
T A (°C) 




For More information, call 1 ^800-722-7074. Raytheon Semiconductor 



3-753 



RC4191/4192/4193 



Principles of Operation 

Simple Step-Up Converter 

The most common application, the step-up regulator, 
is derived from a simple step-up (V^ > V^) DC-to- 
DC Converter (Figure 1). 




65-1646 



Figure 1. Simple Step-Up Converter 

When switch S is closed, the battery voltage is applied 
across the inductor L. Charging current flows through 
the inductor, building up a magnetic field, increasing 
as the switch is held closed. While the switch is 
closed, the diode D is reverse biased (open circuit) 
and current is supplied to the load by the capacitor C. 
Until the switch is opened, the inductor current will 
increase linearly to a maximum value determined by 
the battery voltage, inductor value, and the amount of 
time the switch is held closed (l MAX = V BA7 /L x T^). 
When the switch is opened, the magnetic field col- 
lapses, and the energy stored in the magnetic field is 
converted into a discharge current which flows 
through the inductor in the same direction as the 
charging current. Because there is no path for current 
to flow through the switch, the current must flow 
through the diode to supply the load and charge the 
output capacitor. 

If the switch is opened and closed repeatedly, at a rate 
much greater than the time constant of the output RC, 
then a constant DC voltage will be produced at the 
output. 

An output voltage higher than the input voltage is 
possible because of the high voltage produced by a 
rapid change of current in the inductor. When the 
switch is opened, the inductor voltage will instantly 
rise high enough to forward bias the diode, to + 



In the complete 4193 regulator, a feedback control 
system adjusts the on-time of the switch, controlling 
the level of inductor current, so that the average 
inductor discharge current equals the load current, 
thus regulating the output voltage. 

Complete Step-Up Regulator 

A complete schematic of the minimum step-up 
application is shown in figure 2. The ideal switch in the 
DC-to-DC Converter diagram is replaced by an open 
collector NPN transistor Q1 . C F functions as the output 
filter capacitor, and D1 and replace D and L. 

When power is first applied, the current in R1 supplies 
bias current to pin 6 (l c ). This current is stabilized by a 
unity gain current source amplifier and then used as 
bias current for the 1 .31 V bandgap reference. A very 
stable bias current generated by the bandgap is 
mirrored and used to bias the remainder of the chip. At 
the same time the 4193 is starting up, current will flow 
through the inductor and the diode to charge the 
output capacitor to - V D . 

At this point, the feedback (pin 7) senses that the 
output voltage is too low, by comparing a division of 
the output voltage (set by the ratio of R2 to R3) to the 
+1 .31 V reference. If the output voltage is too low then 
the comparator output changes to a logical zero. The 
NOR gate then effectively ANDs the oscillator square 
wave with the comparator signal; if the comparator 
output is zero AND the oscillator output is low, then 
the NOR gate output is high and the switch transistor 
will be forced on. When the oscillator goes high again, 
the NOR gate output goes low and the switch transis- 
tor will turn off. This turning on and off of the switch 
transistor performs the same function that opening 
and closing the switch in the simple DC-to-DC Con- 
verter does; i.e., it stores energy in the inductor during 
the on-time and releases it into the capacitor during 
the off-time. 

The comparator will continue to allow the oscillator to 
turn the switch on and off until enough charge has 
been delivered to the capacitor to raise the feedback 
voltage above 1.31V. 
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Thereafter, this feedback system will vary the duration 
of the on-time in response to changes in load current 
or battery voitage (see Figure 3). If the load current 
increases (waveform C), then the transistor will remain 
on (waveform D) for a longer portion of the oscillator 
cycle (waveform B), thus allowing the inductor current 



(waveform E) to build up to a higher peak value. The 
duty cycle of the switch transistor varies in response 
to changes in load and time. 
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Figure 2. Complete Step-Up Regulator 
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Figure 3. Step-Up Regulator Waveforms 
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RC4194 

Dual Tracking Voltage Regulators 



Description 

The RC/RM4194 are dual polarity tracking regulators 
designed to provide balanced or unbalanced positive 
and negative output voltages at currents to 200 mA. A 
single external resistor adjustment can be used to 
change both outputs between the limits of ±50 mV 
and±42V. 

These devices are designed for local "on-card" 
regulation, eliminating distribution problems 
associated with single-point regulation. To simplify 
application the regulators require a minimum number 
of external parts. 

The device is available in three package types to 
accommodate various power requirements. The K 
(TO66) power package can dissipate up to 3W at T A 
= +25°C. The D 14-pin dual in-line will dissipate up to 
1 W and the N 14-pin dual in-line will dissipate up to 
625 mW. 



Functional Block Diagram 
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Features 

♦ Simultaneously adjustable outputs with one 
resistor to ±42V 

♦ Load current — i200 mA with 0.04% load 
regulation 

♦ Internal thermal shutdown at T, = +1 75°C 

♦ External balance for IV^ unbalancing 

♦ 3W power dissipations 



Connection Information 





9-Lead 






TO-66 Package 






(Top View) 




-V 8 (Case)^ 






+Vout 


VoV 




,-GND 








Comp*— < 


\§) — i 


— R SET 




[J& dX / 




Bal-X 






Comp--/ 
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14- Lead 




Plastic & Ceramic DIP 




(Top View) 












O w 


3 +v 8 


NC |T 




13] NC 


Comp+ 




12] GND 


Bal [T 




1l] Rset 


Comp- £jT 




jo] R 0 


NC [T 




T]nc 


•v.[7 




7] -v 8 
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Ordering Information 









Part Number 


Paclcaae 


Temnerature 

■ vl 1 lUvl HIMI w 






Ranqe 


RC4194N 


N 


0°Cto+70°C 


RC4194D 


D 


0°Cto+70°C 


RC4194K 


K 


0°Cto+70°C 


RM4194D 


D 


-55°Cto+125°C 


RM4194D/883B 


D 


-55°Cto+125°C 


RM4194K 


K 


-55°Cto+125°C 



Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
N » 14-lead plastic DIP 
D * 14-lead ceramic DIP 
K«9-leadTO-66 



Absolute Maximum Ratings (1) 

Supply Voltage 

RC4194 ±35V 

RM4194 ±45 V 

Supply Input to Output Voltage Differential 

RC4194 ±35V 

RM4194 ±45V 

Load Current 

N Package 100 mA 

D Package 150 mA 

K Package 250 mA 

Operating Temperature Range 

RC4194 0°C to +70°C 

RM4194 -55°C to +125°C 

Storage Temperature 

Range -65°Cto +150°C 

Lead Soldering Temperature 

(60 sec) +300°C 

Note: 

1 . "Absolute maximum ratings" are those beyond which the 
safety of the device cannot be guaranteed. They are not 
meant to imply that the device should be operated at these 
limits. If the device is subjected to the limits in the absolute 
maximum ratings for extended periods, its reliability may be 
impaired. The tables of Electrical Characteristics provide 
conditions for actual device operation. 



Thermal Characteristics 





14-Lead 
Plastic DIP 


14-Lead 
Ceramic DIP 


9-LeadTO-66 
Metal Can 


Max. Junction Temp. 


+125°C 


+175°C 


+150°C 


Max. P D T A <50°C 


468mW 


1042mW 


2381 mW 


Therm. Res 9 X 




60°C/W 


7°C/W 


Therm. Res. 9 JA 


160°C/W 


120°C/W 


42°C/W 


For T A >50°C Derate at 


6.25 mW/°C 


8.38 mW/°C 


23.81 mW/°C 
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Electrical Characteristics 

(45 £ <; V MAX ; -V w <; -8V; l L = ±1 mA; RM41 94: -55°C <, T A :£ +1 25°C; RC41 94: 0°C <, T A <> +70°C unless otherwise 
specified) 



Parameters 


Test Conditions 


Mln 


Typ 


Max 


Units 


1 inp Rpn illation 


AV - 0 1 V 

Z\V S -U.I V IN 




0 04 


0.1 


%v 

/oV OUT 


Load Regulation 1 


4194K: l L < 200 mA 
4194D:I L <100 mA 
+V -+A/ 4.W 




0.002 


0.004 


%V our /l L 

(rr\A\ 


Outout Voltaae Drift With 
Temperature 2 
Positive Output 


V^-dW 




0.002 


0.015 


%/°C 


Npfjativp Outnut 


V -45V 




0..003 


0.015 


%/°c 


SuddIv Current 3 {Positive^ 


V =±V V = 0V I = 0 mA 

V S XV MAX» V OUT uv > 'l u " lM 




+0.8 


+2.5 


mA 




V - +V V - OV I - 0 mA 

V S ~ MAX' V OUT - UV ' 'l - U fTlM 




-1 a 

1 .0 


-4 0 


mA 


Supply Voltage 


RM4194 


±9.5 




±45 


V 


RC4194 


±9.5 




±35 




p _ 71 k ],c% T - j.95°P \/ _ 4-\/ 

set = /i.oku I A = v s = ±v MAX 


9 Qft 


9 R 


9 £9 


K&Zr V 


Output Voltage Range 


RM41 94: R SET = 71 .5 k£U = 25 mA 


0.05 




±42 


V 


RC4194: R SET = 71 .5 kftl L = 25 mA 


0.05 




±42 


Output Voltage Tracking 






±0.4 


±2.0 


% 


Ripple Rejection 


F = 120 Hz,T A = +25°C 




70 




dB 


Input-Output Voltage Differential 


l L = 50 mA,T A =+25°C 


3.0 






V 


Short Circuit Current 


V S = ±30V,T A =+25°C 




300 




mA 


Output Noise Voltage 


C L = 4.7nF,V OUT = ±15V 
F = 10 Hz to 100 kHz 




250 




^RMS 


Internal Thermal Shutdown 






175 




°C 



Notes: 

1. Measured as x 100%)/l L (mA) 

^our 

2. Output voltage temperature drift guaranteed by design. 

3. The current drain will increase by 50\iAN QU[ on positive side and lOOpA/V^on negative side. 

4. The specifications above apply for the given junction temperatures since pulse test conditions are used. 
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Typical Performance Characteristics 



150 



Ripple Rejection vs. Frequency 




100K 



0.06 



0.05 



> 0.04 

~ 0.03 
o 

1 0.02 
j? 0.01 
0 

-0.01 



Load Regulation vs. Load Current 

























































f125 










































+25 fl 


C 
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Typical Applications 



Unbalanced Output Voltage — Comparator Application 



0.01 i»f 

•v. I 

o 



-V s 
O- 



-V S 



71 .5K T 

< 1 — vi/v — ' 



o.oiu.f 




Rset Comp- Gnd Ro -V 0 



O To Additional 
Comparators 



O (Typically 15 RC4805S) 
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-V 0 ut = -5V 

O To Additional 
Comparators 



R 0 (kfl) = 2.5(-V OU T) 
Adjust Ro for-VouT = -5V (12.5 kG) 
R F1 = R F2 = 20 ka (See Schematic) 

• \/ , , w , Rfi II Ra 
I + V OU tI=I-VoutI r^,, r? 

r a = eowhen I+Vqut I^I-voutI 

R B = oowhen I+V 0 ut I ^ I-Vout I 
For +V 0 ut = 5 when -V 0 ut = -5V 
R A = c* 



O- 



High Output Application 



2N4905 or equiv. 



47Q 

-AMr 



0.1 



JT 



GND 



4194 




Rsc* 

-VA 1 



2N2297 or equiv. 



Com i 



>mp+ 

+ VQU1 



Comp- Ro 



== i — wv — I 



71 .5K 



2N914or equiv. 



* R SC= | 



0.7 
sc 



-O +V 0 ut 



==60UF** 



+ i 



-O -Vqut 



eouF 



Load regulation 
10mV@2.5A 

R 0 (kQ) = 2.5lVo> 



"Optional usage - Not as critical as -Vq bypass capacitors. 

Note: Compensation and bypass capacitor connections should be close as posibe to the 4194 
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Typical Applications (Continued) 

Balanced Output Voltage — Op Amp Application 



0.0Q1 

o 



-Vs- 



-Vs 



Comp+ 



4194 



Rset Comp- Gnd Ro -Vqut 
71.5K I 

<— vw — 1 



+Vour = +15V 

O To Additional 

Op Amps 



+ 

=T 4.7HF** 




-O (Typically 180 741s) 



-Vqut = -15V 

O To Additional 

Op Amps 



~ 4.7jiF 
+ 



0.001 \iF 



R 0 (kfl) = 2.5V OUT 
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Digitally Controlled Dual 200 mA Voltage Regulator 




JT 



15 



r 



1 



Ref+ -V s Comp +V ? \* 
Ref- 'o 

DAC-08 y R1 

v LC io^L 249K : 

B1 ► B8 



5 6 7 8 9 |10jlTTT2 

MSB 06666666LSB 
Binary Inputs 



-O +V S = +25V 



Comp + +V S 




+V 0 


R o RC4194K 




R SET 


-V 0 


Comp- -Vs 


Gnd 



±V OU T = 4loR1 
6 



O +VouT(0to+19.92V) 



£k 10 



1 ± ^¥pr 1 



-O -V OUT (0 to -19.92V) 



10J1F 



0.001 

6 

-V s = -25V 



Adjust R2 for -19.92V at -Vout with all "1s" at binary inputs, 
then optionally adjust R3 for +1 9.92V at +Vqut 



RC4194K 



+V 0 

Bal 
-V 0 



Optional Tracking 
Adjustment 

O 



R3 
8 1QQK 



M00K 
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4194 Switchable Power Supply 

The outputs of the 4194 can be simultaneously 
switched on or off under logic control as shown in 
Figure 1 . In the "off' state, the outputs will be forced 
to a minimum voltage, or about d20 mV, rather than 
becoming open-circuit. The turn-on time, with the 
outputs programmed to ±12V, is approximately 200 
US. This circuit works by forcing the R 0 pin to ground 
with an analog switch. 

Refer to the 4194 internal schematic diagram. A 
reference voltage that regulates with respect to ~V S is 
generated at the R SET pin by the zener diode Q12 and 
the buffer circuit of Q1 1 and Q13. When the external 
71 .5k R SET resistor is connected between the R SEr pin 
and -V s , a precision current of 100 pA is generated 
which 



+v s o 



-v s o- 



■ft- 



0.001 \XF 



Rset 
71 .5K 



Logic O 



*Quad SPST CMOS Analog Switch 



then flows into Q13's collector. Since Q13's collector 
is tied to the R 0 pin, the 1 00 \xA current will develop a 
ground-referenced voltage drop proportional to the 
value of R 0 , which is then amplified by the internal 
error amplifier. When the analog switch in Figure 1 
turns on, it effectively shorts out R 0 and causes 0V to 
be applied to the error amplifier. The output voltage in 
the off state will be approximately i20 mV. If a higher 
value (50 to 100 mV) is acceptable, then the DG201 
analog switch can be replaced with a low-cost small 
signal transistor, as shown in the alternate switch 
configuration. 



+V S 




Comp+ 


Comp- 




+V 0 UT 


-V s 


4194 




R SET 




-VqUT 




Ro 


Gnd 



-J+ 0.001 nF 



-O +12V 



4.7HF 



^ 4.7 UF 



O -12V 




* Alternate Switch Configuration 

1 




Figure 1. ±12V Switchable Power Supply 



For More Information, call 1-800-722-7074. 
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Compensation 

For most applications, the following compensation 
technique is sufficient. The positive regulator section 
of the 4194 is compensated by a 0.001 nF ceramic 
disc capacitor from the Comp+ terminal to ground. 
The negative regulator requires compensation at two 
points. The first is the Comp- pin, which should have 
0.001 pF to the -V 8 pin, or case. A ceramic disc is 
ideal here. The second compensation point for the 
negative side is the -V^ terminal, which ideally 
should be a 4.7 nF solid tantalum capacitor with 
enough reserve voltage capacity to avoid the 
momentary shorting and reforming which can occur 
with tantalum caps. For systems where the cost of a 
solid tantalum capacitor cannot be justified, it is 
usually sufficient to use an aluminum capacitor with a 
0.03 jxF ceramic disc in parallel to bypass high 
frequencies. In addition, if the rectifier filter capacitors 
have poor high frequency characteristics (like 
aluminum electrolytics) or if any impedance is in 
series with the +V 8 and -V 8 terminals, it is necessary to 
bypass these two points with 0.01 \jJF ceramic disc 
capacitors. Just as with monolithic op amps, some 
applications may not require these bypass caps, but if 
in doubt, be sure to include them. 

All compensation and bypass caps should have short 
leads, solid grounds, and be located as close to the 
4194 as possible. Refer to Figure 2 for recommended 
compensation circuitry. 

Protection 

In systems using monolithic voltage regulators, a 
number of conditions can exist which, left uncorrected, 
will destroy the regulator. Fortunately, regulators can 
easily be protected against these potentially 
destructive conditions. Monolithic regulators can be 
destroyed by any reversal of input or output voltage 
polarity, or if the input voltage drops below the output 
voltage in magnitude. These conditions can be 
caused by inductive loads at the inputs or outputs of 
the regulator. Other problems are caused by heavy 
loads at the unregulated inputs to the regulator, which 
might cause the input voltage to drop below the output 
voltage at turn-off. If any of the preceding problem 
conditions are present in your system, it is 
recommended that you protect the regulator using 
diodes. These diodes should be high speed types 



0.001 ]if 



+v, 



s o- 



0.01 jiF 



r 



T ~ 



+v s 



rg Comp* +Vqut 
4194 



-V, 



-Vour 
Rset Comp- 



-O +Vout 



"~ I I n.7nF=J: 

I T To.001 jiF *=" 



-o-v 0 



Z^l 0.01 JlF 

Note: 

All Capacitors are Ceramic Disc 
Except * = Solid Tantalum 

65-4201 

Figure 2. 4194 Recommended 
Compensation 

capable of handling large current surges. Figure 3 
shows all six of the possible protection diodes. The 
diodes at the inputs and outputs prevent voltages at 
those points from becoming reversed. Diodes from 
outputs to inputs prevent the output voltage from 
exceeding the input voltage. Chances are that the 
system under consideration will not require all six 
diodes, but if in doubt, be sure to include them. 

Brownout Protection 

The 4194 is one of the most easily applied and 
trouble-free monolithic ICs available. When used 
within the data sheet ratings (package power 
dissipation, maximum output current, minimum and 
maximum input voltages) it provides the most cost- 
effective source of regulated ±15V for powering linear 
ICs. 

Sometimes occasions arise in which the 4194 ratings 
must be exceeded. One example is the "brownout". 
During a brownout, line voltages may be reduced to 
as low as 75 V^, causing the input voltage to the 
4194 to drop below the minimum dropout voltage. 
When this happens, the negative output voltage can 
go to positive. The maximum amount of current 
available is approximately 5 mA. 
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+V s O 1 1 » 

0.01 yF=, S 



-VoUT ^ 




O -V 0 



zz: 0.01 hf 



Note: 

All Capacitors are Ceramic Disc 
Except * - Solid Tantalum 
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Figure 3. 4194 Regulator Showing All Protective Diodes 



In general this is not enough current to damage most 
ICs which the 41 94 might be supplying, but it is a 
potentially destructive condition. Fortunately, it is 
easy to protect against. As shown in the typical 
application circuit in Figure 4, a diode, D, can be 
connected to the negative output. 

If a small signal silicon diode is used, it will clamp the 
negative output voltage at about +0.55V. A Schottky 
barrier or germanium device would clamp the voltage 
at about +0.3V. Another cure which will keep the 
negative output negative at all times is the 1 mQ 
resistor connected between the +15V output and the 
Comp- terminal. This resistor will then supply drive to 
the negative output transistor, causing it to saturate to 
-1 V during the brownout. 

Heatsinking 

Voltage Regulators are power devices which are used 
in a wide range of applications. 

When operating these devices near their extremes of 
load current, ambient temperature and input-output 
differential, consideration of package dissipation 
becomes important to avoid thermal shutdown at 
175°C. The 4194 has this feature to prevent damage 
to the device. It typically starts affecting load 



*ln allowing for process deviations, the user should work with a maximum 
allowable function temperature of 150°C. 



regulation approximately 2°C below 175°C. To avoid 
shutdown, some form of heatsinking should be used 
or one of the above operating conditions would need 
to be derated/ 



Balanced Output (V 0UT - ±15V) 



1Mfl 



+18VTO+30V 
O 



-18V To -30V 



r— WV 



♦v 8 


Comp- 


+Vout 








4194 








-Vout 


•v 6 


Gnd 





+15V at 100 mA 



tn — 

|=10jiF 
~ -15V at 100 mA 



- V s Gnd "'"'I 1 "J— * 
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Figure 4. 4194 Typical Application Circuit 
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The following is the basic equation for junction 
temperature: 



Tj-VP^ (1) 

where 

Tj = junction temperature (°C) 
T A m ambient air temperature (°C) 
P D = power dissipated by device (W) 
0j. A = thermal resistance from junction to 
ambient air (°C/W) 

The power dissipated by the voltage regulator can be 
detailed as follows: 

Pd = ( v W - v out)xI 0 + V w xI q (2) 

where 

V w = input voltage 

v out = re 9ulated output voltage 

l 0 = load current 

l Q = quiescent current drain 

Let's look at an application where a user is trying to 
determine whether the 4194 in a high temperature 
environment will need a heatsink. 

Given: 



Tj at thermal shutdown = 150°C 



T A = 125°C 



9 M = 41.6°C/W,K(TO-66)pkg. 



V w =40V 



=30V 



l Q =1 mA + 75^^x307 
= 3.25 mA* 



~ (Vin * V 0UT ) x l 0 + V IN X l Q 



Solve for L 



T -T V x I 

J A V IN A 'Q 



^J-A (V|N " V QUT ) (V |N - V QUT ) 



150°C-125°C 40X3.25X10* 3 



41.6°C/Wx10V 



10 



= 60 mA- 13 mA ~ 47 mA 



If this supply current does not provide at least a 10% 
margin under worst case load conditions, heatsinking 
should be employed. If reliability is of prime 
importance, the multiple regulator approach should be 
considered. 

In equation 1 , 9 M can be broken into the following 
components: 

G j-A = e j-c + 0 os + e s-A 

where 

Gj-c = junction-to-case thermal resistance 
8^ = case-to-heatsink thermal resistance 
6^ = heatsink-to-ambient thermal resistance 

In the above example, let's say that the user's load 
current is 200 mA and he wants to calculate the 
combined 0^ and 9^ he needs: 



Given: L = 200 mA, 



Tj-T A 



50°C-125°C 



* The current drain will increase by 50jiA/V OUT on positive side 
and 100jiAA/ OUT on negative side. 



10V x 200 mA + 40x3.25x10-3 

:11.75°C/W 
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When using heatsink compound with a metal-to-metal 
interface, a typical 8^ = 0.5°C/W for the K package. 
The remaining 9^ of approximately 4°C/W is a large 
enough thermal resistance to be easily provided by a 
number of heatsinks currently available. Table 1 is a 
brief selection guide to heatsink manufacturers. 

Table 1. Commercial Heatsink Selection Guide 



No attempt has been made to provide a complete list of all heatsink manufacturers. This list is only representative. 



6s. A TC/W) 


Manufacturer/Series or Part Number 




TO-66 Package 


0.31-1.0 


Thermalloy - 6441 , 6443, 6450, 6470, 6560, 6590, 6660, 6690 


1.0-3.0 


Wakefield -641 




Thermalloy — 6123, 6135, 6169, 6306, 6401, 6403, 6421, 6423, 6427, 6442, 6463, 6500 


3.0 - 5.0 


Wakefield — 621,623 




Thermalloy — 6606, 6129, 6141, 6303 




IERC — HP 




Staver — V3-3-2 


5.0-7.0 


Wakefield — 690 




Thermalloy -6002, 6003, 6004, 6005, 6052, 6053, 6054, 6176, 6301 




IERC -LB 




Staver— V3-5-2 


7.0-10.0 


Wakefield — 672 




Thermalloy — 6001 , 601 6, 6051 , 61 05, 6601 




IERC- LA, uP 




Staver- V1-3, V1-5, V3-3, V3-5, V3-7 


10.0-25.0 


Thermalloy -6-1 3, 6014, 6015, 6103, 6104, 6105, 6117 




Dual In-line Package 


20 


Thermalloy — 6007 


30 


Thermalloy — 6010 


32 


Thermalloy — 6011 


34 


Thermalloy — 6012 


45 


IERC -LI 


60 


Wakefield -650, 651 



Staver Co., Inc.: 41-51 N Saxon Ave., Bay Shore, NY 11706 
IERC: 135 W Magnolia Blvd., Burbank, CA 91502 
Thermalloy: P.O. Box 34829, 2021 W Valley View Ln., Dallas, TX 
Wakefield Engin Ind: Wakefield, MA 01880 



* All values are typical as given by manufacturer or as determined from characteristic curves supplied by manufacturer. 



Given 8^ = 7.1 5°C/W for the 41 94 in the 
K package, 



0^ + 9^ = 11 J5°C/W - 7.15°C/W 



= 4.6°C/W 



For More Information, call 1-800-722-7074. 
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RC4195 

Fixed ± 15V Dual Tracking Voltage Regulator 



Description 

The RM/RC4195 is a dual polarity tracking regulator 
designed to provide balanced positive and negative 
15V output voltages at currents up to 100mA. This 
device is designed for local "on-card H regulation, 
eliminating distribution problems associated with 
single point regulation. The regulator is intended for 
ease of application. Only two external components are 
required for operation (two 10 bypass capacitors). 

The device is available in four package types to 
accommodate various applications requiring 
economy, high power, dissipation, and reduced 
component density. 



Features 

♦ ±1 5V operational amplifier power at reduced 
cost and component density 

♦ thermal shutdown at Tj = +1 75°C in addition to 
short circuit protection 

♦ Output currents to 1 00 mA 

♦ May be used as single output regulator with up to 
+50V output 

♦ Available in TO-66, TO-99 and 8-lead mini-DIP 



Connection Information 



TO-66 Metal Can 

(Top View) 




TO-99 Metal Can 

(Top View) 

+v 8 



Comp- 



GND 



Comp- 



+15Vout 




-15Vout 



8-Lead DIP 

(Top View) 



Comp+|T 
GND[2 
Comp-[l3 



-v.[7 



F]+v s 

£] Bal 
5j -ISVo^ 
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Ordering Info 


rmation 






Operating 


Part Number 


Package 


Temperature 






Ranae 


RC4195N 


N 


0°Cto+70°C 


RC4195T 


T 


0°Cto+70°C 


RC4195K 


K 


0°Cto+70°C 


RM4195T 


T 


-55°Cto+125°C 


RM4195T/883B 


T 


-55°Cto+125°C 


RM4195K 


K 


-55°Cto+125°C 



Absolute Maximum Ratings 

Supply Voltage(±Vs) to Ground ±30V 

Load Current 

K Package 150 mA 

T and N Package 1 00 mA 

Storage Temperature 

Range -65°Cto +150°C 

Operating Temperature Range 

RC4195 0°C to+70°C 

RM4195 55°C to +125°C 

Lead Soldering Temperature 

(60 sec) +300°C 



Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
N « 8-lead plastic DIP 
T » 8-lead metal can TO-99 
K = 9-lead metal can TO-66 



Functional Block Diagram 



Comp+ 



GND 



Comp- 




-15VQUT 



Pinout for dual-in-line package shown. 



65-0089 
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Thermal Characteristics 





8-Lead 


8-Lead TO-99 


9-Lead TO-66 




Plastic DIP 


Metal Can 


Metal Can 


Max. Junction Temp. 


+125°C 


+175°C 


+150°C 


Max. P D T A <50°C 


468mW 


658mW 


2381 mW 


Therm. Res 9 X 




50°C/W 


7°C/W 


Therm. Res. 0 JA 


160°C/W 


190°C/W 


42°C/W 


For T A >50°C Derate at 


6.25 mW/°C 


5.26 mW/°C 


23.81 mW/°C 



Electrical Characteristics 

(l L = ±1mA;V s = ±20V, C L = 10jiF; RM4195: -55°C<T A <+125°C; RC4195: 0°C < T A < +70°C unless otherwise 
specified) 1 







RC/RM4195 




Parameters 


Test Conditions 


MIn 


Typ 


Max 


Units 


Line Regulation 


V S = ±18V to ±30 V 




2 


20 


mV 


Load Regulation 


l L = 1mA to 100mA 




5 


30 


mV 


Output Voltage Drift With 
Temperature 






0.005 


0.015 


%/°C 


Supply Current 


V S = ±30V, l L = 0mA 




±1.5 


±4.0 


mA 


Supply Voltage 




±18 




±30 


V 


Output Voltage 


T A = +25°C 


14.5 


15.0 


15.5 


V 


Output Voltage Tracking 






±50 


±300 


mV 


Ripple Rejection 


F = 120 Hz,T A = +25°C 




75 




dB 


Input-Output Voltage Differential 


l L = 50mA 


3.0 






V 


Short Circuit Current 


T A =+25°C 




220 




mA 


Output Noise Voltage 


T A = +25°C, F = 1 00Hz to 120kHz 


60 






^ V RMS 


Internal Thermal Shutdown 






175 




°C 



'The specifications above apply for the given junction temperatures since pulse test conditions are used. 
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Typical Performance Characteristics 



Output Load Regulation 











tf419. 


5: -55 


°Cto 


+15C 


PC 
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Standby Current Drain 
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RM4 
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Maximum Current Capability 
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Package 






























—No 
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- -Infinite Heat Sink 
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Typical Applications 



+18Vto+30V 
O 


+v 8 
-v s 




+Vout 


-18V to -30V 
O 


4195 








GND 


-Vqut 



+15V at 100 mA 

*r — ° 



-X 



10uJ= 

-15V at 100 mA 
O 



10u.F 



Balanced Output (V 0UT = ± 15V) 



+53Vto+60V 

o 



+v s 




+V 0U T 




4195 


Bal 


-V s 


GND 


-Vqut 





Vqut =+50V at 100mA 



— 1AnC 



10HF 



Vqut =+15V(1+|2.) 



(V 0U T + 3V) < +V S < 60V 




Positive Single Supply (+15V < V 0UT < +50V) 



65-0101 



+V s0 - 
-v.o- 



2N4905 or Equiv. 



47 

-AAA- 



47 

-AAA- 



2N2297 or Equiv. 



1 — AAAr 



T 

J! 



* R SC 



GND Comp+ 
+ V S +VouT 
4195 

-V s 



Comp- 



vqut 



0.1 W= 



A 



*Rsc 2N4914 or Equiv. 



0.7 



High Output Current 



— O + V 0UT -+15V 
+ i 60 nF 



-O -Vqut - -15V 



60 HF 



Load Regulation 
10mA@2.5A 



65-0102 
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Brownout Protection 

The 4195 is one of the most easily applied and 
trouble-free monolithic ICs available. When used 
within the data sheet ratings (package power 
dissipation, maximum output current, minimum and 
maximum input voltages) it provides the most cost- 
effective source of regulated ±15V for powering linear 
ICs. 

Sometimes occasions arise in which the 4195 ratings 
must be exceeded. One example is the "brownout". 
During a brownout, line voltages may be reduced to 
as low as 75 V^, causing the input voltage to the 
4195 to drop below the minimum dropout voltage. 
When this happens, the negative output voltage can 
go to positive. The maximum amount of current 
available is approximately 5 mA. 

In general this is not enough current to damage most 
ICs which the 4195 might be supplying, but it is a 
potentially destructive condition, foretunately, it is easy 
to protect against. As shown in the typical application 
circuit, a diode, D, can be connected to the negative 
output. 

If a small signal silicon diode is used, it will clamp the 
negative output voltage at about +0.55V. A Schottky 
barrier or germanium device would clamp the voltage 
at about +0.3V. Another cure which will keep the 



Balanced Output (V 0UT = ±15V) 



negative output negative all times is the 1 wQ resistor 
connected between the +15V output and the comp - 
terminal, this resistor will then supply drive to the 
negative output transistor, causing it to saturate to -1 V 
during the brownout 

Heatsinking 

When operating these devices near their extremes of 
load current, ambient temperature and input-output 
differential, consideration of package dissipation 
becomes important to avoid thermal shutdown at 
175°C. The 4195 has this feature to prevent damage 
to the device. It typically starts affecting load 
regulation approximately 2°C below 175°C. To avoid 
shutdown, some form of heatsinking should be used 
or one of the above operating conditions would need 
to be derated.* 

The following is the basic equation for junction 
temperature: 



(1) 



where 



= junction temperature (°C) 
= ambient air temperature (°C) 
= power dissipated by device (W) 
= thermal resistance from junction to 
ambient air fC/W) 



1MG 



+18VTO+30V 

o 



-18VTO-30V 



I — wv 





Comp- 


+V 0UT 




4195 








-Vqut 


-v s 


Qnd 





T 



it 



+15V at 100 mA 




10uP 



*=■ -15V at 100 mA 



3 .1 1' 

10uF^= 3Z D 



Typical Application Circuit 



65-4302A 



* In allowing for process deviations, the user should work with a 
maximum allowable function temperature of ^50 o C 
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The power dissipated by the voltage regulator can be 
detailed as follows: 

p o-( v ii-Vair)xt + V BI xl Q (2) 

where 

V w = input voltage 

v out = regulated output voltage 

l 0 = load current 

l Q = quiescent current drain 

Let's look at an application where a user is trying to 
determine whether the 4195 in a high temperature 
environment will need a heatsink. 

Given: 

Tj at thermal shutdown = 150°C 
T A = 125°C 

9 JA = 41.6 0 G/W,K(TO-66) pkg. 
V IN =40V 



OUT 



:30V 



l Q = 1 mA + 75^^x307 
= 3.25 mA* 



Tj - T A 

P D = - (VVour) x lo + Vo 



should be employed. If reliability is of prime 
importance, the multiple regulator approach should be 
considered. 

In equation 1 , 0 M can be broken into the following 
components: 

0 j* = e w; + e c-s + G s-A 

where 

Gj-c - junction-to-case thermal resistance 
0 W * case-to-heatsink thermal resistance 
0s. A = heatsink-to-ambient thermal resistance 

In the above example, let's say that the user's load 
current is 200 mA and he wants to calculate the 
combined 9^ and 0^ he needs: 

Given: L = 200 mA, 



6 



50°C-125°C 
10V x 200 mA + 40x3.25x10-3 

:11.75°C/W 



Given 8 JiC = 7.1 5°C/W for the 41 95 in the 



J-A 



K package, 



Solve for L 



T J _T A 



V x I 

IN Q 



^J-A (^IN " ^OUt) (^IN " VqUt) 



150°C-125°C 40X3.25X 10- 3 



41.6°C/Wx10V 



10 



= 50 mA- 13 mA -47 mA 



If this supply current does not provide at least a 1 0% 
margin under worst case load conditions, heatsinking 



0 C4S + 9 s-a ■ 1 1 - 75 ° c/w " 7 - 1 5 ° c/w 



= 4.6°C/W 



When using heatsink compound with a metal-to metal 
interface, a typical 0^ = 0.5°C/W for the K package. 
The remaining 0g_ A of approximately 4°C/W is a large 
enough thermal resistance to be easily provided by a 
number of heatsinks currently available. Table 1 is a 
brief selection guide to heatsink manufacturers. 



* The current drain will increase by SOpA/V^ on positive side and 
IOOjjA/Vqut on negative side. 
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Table 1. Commercial Heatsink Selection Guide 



No attempt has been made to provide a complete list of all heatsink manufacturers. This list is only representative. 



e M *(°c/w) 


Manufacturer/Series or Part Number 




TO-66 Package 


0.31-1.0 


Thermalloy - 6441 , 6443, 6450, 6470, 6560, 6590, 6660, 6690 


1.0-3.0 


Wakefield 641 

Thermalloy - 6123, 6135, 61 69, 6306, 6401 , 6403, 6421 , 6423, 6427, 6442, 6463, 6500 


3.0-5.0 


Wakefield — 621,623 

Thermalloy — 6606, 6129, 6141, 6303 

IERC-HP 

Staver — V3-3-2 


O.U - IS) 


waKeiieio — oyu 

Thermalloy - 6002, 6003, 6004, 6005, 6052, 6053, 6054, 6176, 6301 
IERC — LB 
Staver— V3-5-2 


7.0-10.0 


Wakefield — 672 

Thermalloy -6001, 6016, 6051, 6105, 6601 
IERC- LA, uP 

Staver V1-3 V1-5 V3-3 V3-5 V3-7 


10.0-25.0 


Thermalloy -6-13, 6014, 6015, 6103, 6104, 6105, 6117 




TO-99 Package 


12.0-20.0 


Wakefield — 260 
Thermalloy — 1101,1103 
Staver — V3A-5 


20.0-30.0 


Wakefield — 209 

Thermalloy — 1 1 1 6, 1 1 21 , 1 1 23, 1 1 30, 1 1 31 , 1 1 32, 2227, 3005 
IERC -LP 
Staver — F5-5 


3.0-50.0 


Wakefield — 207 

Thermalloy — 2212, 2215, 225, 2228, 2259, 2263, 2264 




Dual In-line Package 


20 
30 
32 
34 
45 
60 


Thermalloy — 6007 
Thermalloy — 6010 
Thermalloy — 6011 
Thermalloy — 6012 
IERC -LI 

Wakefield — 650,651 



* All values are typical as given by manufacturer or as determined from characteristic curves supplied by manufacturer. 

Staver Co., Inc.: 41-51 N Saxon Ave., Bay Shore, NY 11706 
IERC: 135 W Magnolia Blvd., Burbank,CA 91502 
Thermalloy: P.O. Box 34829, 2021 W Valley View Ln., Dallas, TX 
Wakefield Engin Ind: Wakefield, MA 01880 
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Schematic Diagram 




*Pin numbers are for 8-pin packages. 65-0090 



CD 
C 
_J 
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RC4391 

Inverting and Step-Down Switching Regulator 



Description 

Raytheon's RC4391 is a monolithic switch mode 
power supply controller for micropower circuits. The 
4391 integrates all the active functions needed for low 
power switching supplies, including oscillator, switch, 
reference and logic, into a small package. Also, the 
quiescent supply current drawn by the 4391 is 
extremely low; this combination of low supply current, 
function, and small package make it adaptable to a 
variety of miniature power supply applications. 

The 4391 complements another Raytheon switching 
regulator IC, the RC4190. The 4190 is dedicated to 
step-up (Vq^ > VJ applications, while the 4391 was 
designed for inverting (V^ = -VJ and step-down 
( v out < v in) applications. Between the two devices 
the ability to create all three basic switching regulator 
configurations is assured. Refer to the 4190 data 
sheet for information on step-up applications. 

The functions provided are: 

♦ Squarewave oscillator (adjustable exter- 
nally) 

♦ Bandgap voltage reference 

♦ High current PNP switch transistor 

♦ Feedback comparator 

♦ Logic for gating the comparator 

♦ Circuitry for detecting a discharged 

battery condition (in battery powered systems) 

Few external components are required to build 
a complete DC-to-DC converter: 

♦ Inductor 

♦ Low value capacitor to set the oscillator 
frequency 

♦ Electrolytic filter capacitor 

♦ Steering diode 

♦ Two resistors 



Features 

♦ Versatile — 

Inverting function (+ to -) 
Step-down function 
Adjustable output voltage 
Regulates supply changes 

♦ Micropower— 

Low quiescent current — 1 70 \\A 
Wide supply range — 4V to 30V 

♦ High performance — 

High switch current —375 mA 
High efficiency — 70% typically 

♦ Low battery detection capability 

♦ 8-lead mini-DIP or S.O. package 
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Connection Information 



8-Lead DIP 

(Top View) 



Small Outline 
SO-8 

(Top View) 




Pin Function 

1 Low Battery Resistor (LBR) 

2 Low Battery Detector (LBD) 

3 Timing Capacitor (C x ) 

4 Ground 

5 External Inductor (L x ) 

6 +Supply Voltage (+V S ) 

7 +1 .25V Reference Voltage (V^) 

8 Feedback Voltage (V re ) 



Ordering Information 







Operating 


Part Number 


Package 


Temperature 






Range 


RC4391N 


N 


0°Cto+70°C 


RC4391M 


M 


0°Cto+70°C 


RV4391N 


N 


-25°Cto+85°C 


RM4391D 


D 


-55'Cto+125°C 



Absolute Maximum Ratings 

Internal Power Dissipation 500 mW 

Supply Voltage 1 
(Pin 6 to Pin 4 or 

Pin 6 to Pin 5) +30V 

Storage Temperature 

Range -65 # Cto+150 # C 

Operating Temperature Range 

RM4391 -55 # Cto+125 # C 

RV4391 -25X^0+85*0 

RC4391 0 # Cto+70'C 

Switch Current (l MAX ) 375 mA peak 

Note: 

1 . The maximum allowable supply voltage (+V S ) in inverting 
applications will be reduced by the value of the negative 
output voltage, unless an external power transistor is used 
in place of Q1. 

Functional Block Diagram 




Gnd 
4 



OSC 



JTTL 



n 



+1.25V 






REF/Bias 




7 



RC4191 



+V S 
6 



Notes: 

/883B suffix denotes Mil-Std-883, Level B processing 
N - 8-lead plastic DIP 
D = 8-lead ceramic DIP 
M = 8-lead plastic SOIC 



3-780 



Raytheon Semiconductor 



For More Information, call 1-800-722-7074. 



RC4391 



Thermal Characteristics 





8-Lead 
Plastic DIP 


8-Lead 
Ceramic DIP 


Small Outline 
SO-8 


Max. Junction Temp. 


+125°C 


+175°C 


125°C 


Max. P D T A <50°C 


468 mW 


833 mW 


300 mW 


Therm. Res 9 X 




45°C/W 




Therm. Res. 0 JA 


160°C/W 


150°C/W 


240°C/W 


For T A >50°C Derate at 


6.25 mW/°C 


8.33 mW/°C 


4.17mW/°C 



Electrical Characteristics 

(V s = +6.0V, over the full operating temperature range unless otherwise noted) 



Parameters 


Symbol 


Condition 


Mln 


Typ 


Max 


Units 


Supply Voltage 




(Notel) 


4.0 




30 


V 


Supply Current 


'sY 


V S = +25V 




300 


500 


MA 


Reference Voltaae 

I iwiwi W 1 IVW W w I 11AM w 


V 

REF 




1.13 


1.25 


1.36 


V 


Output Voltage 


v 


v^ = -5.0V 

OUTnom 


-5.5 


-5.0 


-4.5 


V 


V OUT 




-16.5 


-15.0 


-13.5 




Line Regulation 


LI, 


Vour rom = -5.0V, 

C x =150pF 

V s = +5.8Vto+15V 




2.0 


4.0 


Wo* 


^OUTnom = "15V, 

C x = 150pF 

V s = +5.8VtO+15 




1.5 


3.0 


Load Regulation 


LO, 


Vour rom = -5.0V, 

C x = 350pF,V s = +4.5V, 

P LOAD = 0mWto75mW 




0.2 


0.5 


KVout 


Vourn.-ISV, 

C x = 350pF,V s = +4.5V, 
P LOAD = 0mWto75mW 




0.2 


0.3 


Switch Leakage Current 




Pin 5 = -20V 




0.1 


30 


ma 



Note 1. The maximum allowable supply voltage (+VS) in inverting applications will be reduced by the value of the negative output voltage, unless an external 
power transistor is used. 
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Electrical Characteristics 

(V s = +6.0V, T A = +25°C unless otherwise noted) 



Parameters 


Symbol 


condition 


Min 


Typ 


Max 


units 






V S = +4.0V, 




170 


250 








No External Loads 










Supply Voltage 


■ 










• •A 


•SY 


V S = +25V 

No External Loads 




300 


500 








-5.35 


-5.0 


•4.65 




uuipui voiiage 


w 

V OUT 










V 






V OUTnom = " 15V 


-10.00 


-1 0.0 


-14.10 








W r All 

VoUTrom =- 5 - 0V - 

CX = 150pF, 




1.5 


3.0 








V s = +5.8VtO+15V 










Line Regulation 


L", 














VouT rom =-15V, 
u x = i oupr 

Vg — TJ.OV IU +IOV 




1.0 


2.0 






V = -5 OV 

V OUT nom " °' uv » 


















n 9 


n d 








P - OmW to 75mW 

LOAD — ^ /wiiiwf 










1 aqH Rom ilattan 
LUaU rvcyuiali'JM 


i n 










/oV 0UT 


1 


V OUT nom " ,UV ' 

C x = 350pF,VS = +4.5V, 
P LOAD = 0mWto75mW 




0.07 


0.14 


Reference Voltage 


V 

REF 




1.18 


1.25 


1.32 


V 


Switch Current 


'sw 


Pin 5 = 5.5V 


75 


100 




mA 


Switch Leakage Current 


loo 


Pin 5 = -24V 




0.01 


5.0 


ma 


Cap. Charging Current 


'cx 


Pin 3 = OV 


6.0 


10 


14 


HA 


LBD Leakage Current 


'lbdl 


Pin 1 = 1.5V, Pin 2 = 6.0V 




0.01 


5.0 


MA 


LBD On Current 


'lbdo 


Pin 1 = 1.1V, Pin 2 = 0.4V 


210 


600 




HA 


LBR Bias Current 


'lbrb 


Pin 1= 1.5V 




0.7 




MA 
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Typical Performance Characteristics 



Oscillator Frequency vs. Supply Voltage 




Oscillator Frequency vs. Temperature 



-55 0 25 70 125 
T A (°C) 



Reference Voltage vs. Temperature 



Reference Voltage vs. Supply Voltage 



1.260 



1.255 



1.250 



1.245 



1.240 




1.260 



1.255 



1.250 



1.245 



1.240 




Collector Current vs. Q1 Saturation Voltage 



Minimum Supply Voltage vs. Temperature 




2 3 4 5 6 7 
V CE (SAT)(V) 
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Principles of Operation 

The basic switching inverter circuit is the building block 
on which the complete inverting application is based. 

A simplified diagram of the voltage inverter circuit with 
ideal components and no feedback circuitry is shown in 
Figure 1. When the switch S is closed, charging current 
from the battery flows through the inductor L, which 
builds up a magnetic field, increasing as the switch is 
held closed. When the switch is opened, the magnetic 
field collapses, and the energy stored in the magnetic 
field is converted into a current which flows through the 
inductor in the same direction as the changing current. 
Because there is no path for this current to flow through 
the switch, the current must flow through the diode to 
charge the capacitor C. The key to the inversion is the 
ability of the inductor to become a source when the 
charging current is removed. 

The equation V = L (di/dt) gives the maximum possible 
voltage across the inductor; in the actual application, 
feedback circuitry and the output capacitor will decrease 
the output voltage to a regulated fixed value. 

A complete schematic for the standard inverting 
application is shown in Figure 2. The ideal switch in the 
simplified diagram is replaced by the PNP transistor 
switch between pins 5 and 6. C F functions as the output 
filter capacitor, and D1 and L x replace 
D and L. 



To 

+v. 



R3 
260K 



I 



I R4 
j 590K 

• R6 
100K 

u — vw--t- 



LBO 
Output 



O- 1 



®1 



LBR 




L - o v ( 



® 



JUXTL 



GND 

n 



+1.25V 
REF/Bias 



LP 



RC4391 



When power is first applied, the ground sensing 
comparator (pin 8) compares the output voltage to the 
+1.25V voltage reference. Because C F is initially 
discharged a positive voltage is applied to the 
comparator, and the output of the comparator gates the 
squarewave oscillator. This gated squarewave signal 
turns on, then off, the PNP output transistor. This turning 
on and off of the output transistor performs the same 
function as opening and closing the ideal switch in the 
simplified diagram; i.e., it stores energy in the inductor 
during the on time and releases it into the capacitor 
during the off time. 




I~C v our 



65-1601 

Figure 1. Simple Inverting Regulator 



33 



-r 



R1 

-A/W 



C1 



_L 0.1 |iF 

1N914 

-o+v 8 



-Vour 
— O 



\JD1 



J® 



Parts 


-5.0V 


-15V 


List 


Output 


Output 


R1 = 


300 kn 


900 k a 


R2 = 


75 kft 


75 kn 


C x = 


150 pF 


150 pF 


Lx = 


1 .0 mH Dale TE3 04 TA 



■ Optional 



-Vour- (1.25V) (— ) 




*Caution: Use current limiting protection circuit for high values of C F (Fig. 13) 

Figure 2. Inverting Regulator — Standard Circuit 
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® "b-^^-ri-ra-rn. 

Figure 3. Inverting Regulator Waveforms 



The comparator will continue to allow the oscillator to 
turn the switch transistor on and off until enough energy 
has been stored in the output capacitor to make the 
comparator input voltage decrease to less than OV. The 
voltage applied to the comparator is set by the output 
voltage, the reference voltage, and the ratio of R1 to R2. 

This feedback system will vary the duration of the on 
time in response to changes in load current or battery 
voltage (see Figure 3). If the load current increases 
(waveform C), then the transistor will remain on 
(waveform D) for a longer portion of the oscillator cycle, 
(waveform B) to build up to a higher peak value. The 
duty cycle of the switch transistor varies in response to 
changes in load and line. 

Step-Down Regulator 

The step-down circuit function is similar to inversion; it 
uses the same components (switch, inductor, diode, 
filter capacitor), and charges and discharges the 
inductor by closing and opening the switch. The great 
difference is that the inductor is in series with the load; 
therefore, both the charging current and the discharge 
current flow into the load. In the inverting circuit only the 
discharge current flows into the load. Refer to Figure 4. 
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Figure 4. Simple Step-Down Regulator 
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When the switch S is closed, current flows from the 
battery, through the inductor, and through the load 
resistor to ground. After the switch is opened, stored 
energy in the inductor causes current to keep flowing 
through the load, the circuit being completed by the 
catch diode D. Since current flows to the load during 
charge and discharge, the average load current will be 
greater than in an inverting circuit. The significance of 
that is that for equal load currents the step-down circuit 
will require less peak inductor current than an inverting 
circuit. Therefore, the inductor will not require as large of 
a core, and the switch transistor will not be stressed as 
heavily for equal load currents. 

Figure 5 depicts a complete schematic for a step-down 
circuit using the 4391 . Observe that the ground lead of 
the 4391 is not connected to circuit ground; instead, it is 
tied to the output voltage. It is by this rearrangement that 
the feedback system, which senses voltages more 
negative than the ground lead, can be used to regulate 
a non-negative output voltage. 



When power is first applied, the output filter capacitor is 
discharged so the ground lead potential starts at OV. 
The reference voltage is forced to +1 .25V above the 
ground lead and pulls the feedback input (pin 8) more 
positive than the ground lead. This positive voltage 
forces the control network to begin pulsing the switch 
transistor. As the switching action pumps up the output 
voltage, the ground lead rises with the output until the 
voltage on the ground lead is equal to the feedback 
voltage. At that point, the control network reduces the 
time on time of the switch to maintain a constant output. 

This control network will vary the on time of the switch in 
response to changes in load current or battery voltage 
(see Figure 6). If the load current increases (waveform 
C), then the transistor will remain on (waveformD) for a 
longer portion of the oscillator cycle, (waveform B), thus 
allowing the inductor current (waveform E) to build up to 
a higher peak value. The duty cycle of the switch 
transistor varies in response to changes in load and line. 
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Figure 5. Step-Down Regulator — Standard Circuit 
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Figure 6. Step-Down Regulator Waveforms 



Design Equations 

The inductor value and timing capacitor (C x ) value must 
be carefully tailored to the input voltage, input voltage 
range, output voltage, and load current requirements of 
the application. The key to the problem is to select the 
correct inductor value for a given oscillator frequency, 
such that the inductor current rises to a high enough 
peak value (l MAX ) to meet the average load current drain. 
The selection of this inductor value must take into 
account the variation of oscillator frequency from unit to 
unit and the drift of frequency over temperature. Use 
±30% as a maximum variation of oscillator frequency. 

The oscillator creates a squarewave using a method 
similar to the 555 timer IC, with a current steering flip- 
flop controlled by two voltage sensing comparators. The 
oscillator frequency is set by the timing capacitor (C x ) 
according to the following equation. 



F 0 (Hz) = 



4.1 x 1Q- 6 
C x (pF) 



The squarewave output of the oscillator is internal and 
cannot be directly measured, but is equal in frequency 
to the triangle waveform measurable at pin 3. The 
switch transistor is normally on when the triangle 
waveform is ramping up and off when ramping down. 
Capacitor selection depends on the application; higher 
operating frequencies will reduce the output voltage 
ripple and will allow the use of an inductor with a 
physically smaller inductor core, but excessively high 
frequencies will reduce load driving capability and 
efficiency. 

Inverting Design Procedure 

1 . Select an operating frequency and timing 
capacitor value as shown above (frequencies from 
10kHz to 50kHz are typical). 

2. Find the maximum on time T^ (add 3pS for the 
turn off base recombination delay of Q1): 



2F n 



+ 3nS 
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Calculate the peak inductor current l MAX (if this 
value is greater than 375mA then an external 
power transistor must be used in place of Q1): 



'max = 


(V 0UT + V D )2I L 




(Fo)(TJ(V s -V sw ) 


Where: 




v s 


Supply Voltage 


V = 


Saturation Voltage of Q1 


(typically 0.5V) 


v D 


Diode Forward Voltage 




(typically 0.7V) 




DC Load Current 



4. Find an inductance value for L^: 

yHenrle8)-( V v . s w ) (TJ 
'max 

The inductor chosen must exhibit this value of 
inductance and have a current rating equal to 

'max* 

Step-Down Design Procedure 

1 . Select an operating frequency. 

2. Determine the maximum on time as in 
the inverting design procedure. 

3. Calculate l MAV : 



21 



4. Calculate^: 

yHenriesM-^'y )(TJ 



Alternate Design Procedure 

The design equations above will not work for certain 
input/output voltage ratios, and for these circuits 
another method of defining component values must 
be used. If the slope of the current discharge 
waveform is much less than the slope of the current 
charging waveform, then the inductor current will 
become continuous (never discharging completely), 
and the equations will become extremely complex. 
So, if the voltage applied across the inductor during 
the charge time is greater than during the discharge 
time, use the design procedure below. For example, 
a step-down circuit with 20V input and 5V output will 
have approximately 15V across the inductor when 
charging, and approximately 5V when discharging. 
So in this example the inductor current will be 
continuous and the alternate procedure will be 
necessary. The alternate procedure may also be 
used for discontinuous circuits. 

1 . Select an operating frequency based on 
efficiency and component size requirements (a 
value between 10kHz and 50kHz is typical). 

2. Build the circuit and apply the worst case 
conditions to it, i.e., the lowest battery voltage 
and the highest load current at the desired 
output voltage. 

3. Adjust the inductor value down until the desired 
output voltage is achieved, then decrease its 
value by 30% to cover manufacturing 
tolerances. 

4. Check the output voltage with an oscilloscope 
for ripple, at high supply voltages, at voltages as 
high as are expected. Also check for efficiency 
by monitoring supply and output voltages and 
currents 

(eff^v^xu^xyxiooro). 

5. If the efficiency is poor, go back to step 1 . and 
start over. If the ripple is excessive, then 
increase the output filter capacitor value or start 
over. 
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Compensation 

When large values (> 50 kfl) are used for the voltage 
setting resistors (R1 and R2 of Figure 2) stray 
capacitance at the V re input can add lag to the feedback 
response, destabilizing the regulator, increasing low 
frequency ripple, and lowering efficiency. This can often 
be avoided by minimizing the stray capacitance at the 
V re node. It can also be remedied by adding a lead 
compensation capacitor of 100 pF to 1 0 nF. In inverting 
applications, the capacitor connects between -V^ and 
V re ; for step-down circuits it connects between ground 
and V re . Most applications do not require this capacitor. 

Inductors 

Efficiency and load regulation will improve if a quality 
high Q inductor is used. A ferrite pot core is 
recommended; the wind-yourself type with an air gap 
adjustable by washers or spacers is very useful for 
bread-boarding prototypes. Care must be taken to 
choose a core with enough permeability to handle the 
magnetic flux produced at l MAX . If the core saturates, 
then efficiency and output current capability are severely 
degraded and excessive current will flow through the 
switch transistor. A pot core inductor design section is 
provided later in this datasheet. 

An isolated AC current probe for an oscilloscope 
(example: Tektronix P6042) is an excellent tool for 
saturation problems; with it the inductor current can be 
monitored for nonlinearity at the peaks (a sign of 
saturation). 

Low Battery Detector 

An open collector signal transistor Q2 with comparator 
C2 provides the designer with a method of signaling a 
display or computer whenever the battery voltage falls 
below a programmed level (see Figure 7). This level is 
determined by the +1.25V reference level and by the 
selection of two external resistors according to the 
equation: 



V TH = V REF ( R4_ +1 ) 
R5 

When the battery drops below this threshold Q2 will turn 
on and sink typically 600jjA. The low battery detection 
circuit can also be used for other less conventional 
applications such as the voltage dependent oscillator 
circuit of Figure 12. 



Device Shutdown 

The entire device may be shut down to an extremely low 
current non-operating condition by disconnecting the 
ground (pin 4). This can be easily done by putting an 
NPN transistor in series with ground pin and switching it 
with an external signal. This switch will not affect the 
efficiency of operation, but will add to and increase the 
reference voltage by an amount equal to the saturation 
voltage of the transistor used. A mechanical switch can 
also be used in series between circuit ground and pin 4, 
without introducing any reference offset 

Power Transistor Interfaces 

The most important consideration in selecting an 
external power transistor is the saturation voltage at l c = 
W T* 16 ,ower ^ e saturation voltage is, the better the 
efficiency will be. Also, a higher beta transistor requires 
less base drive and therefore less power will be. 
Also, a higher beta transistor requires less base drive 
and therefore less power will be consumed in driving it, 
improving efficiency losses in the interface. The part 
numbers given in the following applications are 
recommended, but other types may be more appropriate 
depending on voltage and power levels. 
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Figure 7. Low Battery Detector 
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When troubleshooting external power transistor circuits, 
ensure that clean, sharp-edged waveforms are driving 
the interface and power transistors. Monitor these 
waveforms with an oscilloscope — disconnect the 
inductor, and tie the V re input (pin 8) high through a 10K 
resistor. This will cause the regulator to pulse at 
maximum duty cycle without drawing excessive inductor 
currents. Check for expected on time and off time, and 
look for slow rise times that might cause the power 
transistor to enter its linear operating region. 

The following external power transistor circuits may 
demand some adjustment to resistor values to satisfy 
various power levels and input/output voltages. C x and 
L x values must be selected according to the design 
equations (pages 9 and 10). 

Inverting Medium Power Application 

Figure 8 is a schematic of an inverting medium power 
supply (250mWto 1 W) using an external PNP switch 
transistor. Supply voltage is applied to the IC via R3: 
when the internal switch transistor is turned on current 
through R4 is also drawn through R3; creating a voltage 
drop from base to emitter of the external switch 
transistor. This drop turns on the external transistor. 



Voltage pulses on the supply lead (pin 6) do not affect 
circuit operation because the internal reference and bias 
circuitry have good supply rejection capabilities. A power 
Schottky diode is used for higher efficiency. 

Inverting High Power Application 

For higher power applications (500mW to 5W), refer to 
Figure 9. This circuit uses an extra external transistor to 
provide well controlled drive current in the correct phase 
to the power switch transistor. The value of R3 sets the 
drive current to the switch by making the interface 
transistor act as a current source. R4 and R5 must be 
selected such that the RC time constant of R4 and the 
base capacitance of Q2 do not slow the response time 
(and affect duty cycle), but not so low in value that 
excess power is consumed and efficiency suffers. The 
resistor values chosen should be proportional to the 
supply voltage (values shown are for +5V). 
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Figure 8. Inverting Medium Power Application 
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Figure 9. Inverting High Power Application 



Step-Down Power Applications 

Figures 10 and 11 show medium and high power 
interfaces modified to perform step-down functioning. 
The design equations and suggestions for the circuits of 
Figures 8 and 9 also apply to these circuits. For a 
certain range of load power, the RC4193 can be used 
for step-sown applications. A load range from 400mW to 
2W can be sustained with fewer components (especially 
when stepping down greater than 30V) than the 
comparable 4391 circuit. Refer to Raytheon's RC4191/ 
4192/4193 data sheet for a schematic of this medium 
power step-down application. 

Voltage Dependent Oscillator 

The 4391's ability to supply load current at low battery 
voltages depends on the inductor value and the 
oscillator frequency. Low values of inductance or a low 
oscillator frequency will cause a higher peak inductor 
current and therefore increase the load current 
capability. A large inductor current is not necessarily 
best , however, because the large amount of energy 
delivered with each cycle will cause a large voltage 
ripple at the output, especially at high input voltages. 
This trade-off between load current capability and output 
ripple can be improved with the circuit connection shown 
in Figure 12. This circuit uses the low battery detector to 
sense for a low battery voltage condition and will 
decrease the oscillator frequency after a pre- 
programmed threshold is reached. 



The threshold is programmed exactly as the normal low 
battery detector connection: 



V TO -V„(|*+1) 



When the battery voltage reaches this threshold the 
comparator will turn on the open collector transistor at 
pin 2, effectively pulling C Y in parallel with C x . This 
added capacitance will reduce the oscillator frequency, 
according to the following equation: 



F 0 (Hz) : 



4.1 X 10* 
C x (pF) +C Y (pF) 



Current Limiting 

The oscillator (C x ) pin can be used to add short circuit 
protection and to protect against over current at start-up 
(when using large values for the output filter capacitor — 
greater than 100 \jJF). A transistor V^ is used as a 
current sensing comparator which resets the oscillator 
upon sensing an over current condition, thus providing 
cycle-by-cycle current limiting. Figure 13 shows how this 
is applied. 
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Figure 10. Step-Down Medium Power Application 



TIP116 



Note: A minium load ^1mA must be connected. 
'Optional — Extends supply voltage range. 



MBR140P 




VoUT 
(+5Vat1A 
as shown) 



Figure 1 1 . Step-Down High Power Application 




65-2159 



3-792 



Figure 12. Voltage Dependent Oscillator 
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Troubleshooting Chart 


Symptom 


Possible Problems 


Draws excessive supply current on star-up. 


Inductance value too low. 




Output frequency (FJ too low. 




Combination of low resistance inductor and high 




value filter capacitor — needs current limiting 


circuit (Figure 13). 




Output voltage is low. 


Inductance value too high for F 0 or core 




saturating. 


Inductor "sings" with audible hum. 


Not potted well or bolted loosely. 


Lx pin appears noisy — scope will not synchronize. 


Normal operating condition. 



A 



Inductor is saturating: 

1. Core too small. 

2. Core too hot. 

3. Operating frequency too low. 



Time 

Inductor current shows nonlinear waveform. 



'LX 



"'MAX 



Time 

Inductor current shows nonlinear waveform. 



Waveform has resistive component: 

1. Wire size too small. 

2. Power transistor lacks base drive. 

3. Components not rated high enough. 

4. Battery has high series resistance. 



La 



External transistor lacks base drive or beta is 
too low. 



i i 



Time 

Inductor current is linear until high current is reached^ 



Poor efficiency. 



Core saturating. 
Diode or transistor: 

1. Not fast enough. 

2. Not rated for current level (high V CE SAT). 
High series resistance. 

Operating frequency too high. 



Motorboating (erratic current pulses). 



Loop stability problem — - needs feedback capacitor 
from to V re (pin 8), 100pF to 1000pF. 
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Pot Core Inductor Design 
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Figure 14. Electricity vs. Magnetism 



Electricity Versus Magnetism 

Electrically the inductor must meet just one requirement, 
but that requirement can be hard to satisfy. The inductor 
must exhibit the correct value of inductance (L, in 
Henrys) as the inductor current rises to its highest 
operating value (l MAX ). This requirement can be met 
most simply by choosing a very large core and winding it 
until it reaches the correct inductance value, but that 
brute force technique wastes size, weight and money. A 
more efficient design technique must be used. 

Question: What happens if too small a core is used? 

First, one must understand how the inductor's magnetic 
field works. The magnetic circuit in the inductor is very 
similar to a simple resistive electrical circuit. There is a 
magnetizing force (H, in oersteds), a flow of magnetism, 
or flux density (B, in Gauss), and a resistance to the flux, 
called permeability (U, in Gauss per oersted). H is 
equivalent to voltage in the electrical model, flux density 
is like current flow, and permeability is like resistance 
(except for two important differences discussed to the 
right). 



First Difference: Permeability instead of being 
analogous to resistance, is actually more like 
conductance (1/R). As permeability increases, flux 
increases. 

Second Difference: Resistance is a linear function. As 
voltage increases, current increases proportionally, and 
the resistance value stays the same. In a magnetic 
circuit the value of permeability varies as the applied 
magnetic force varies. This nonlinear characteristic is 
usually shown in graph form in ferrite core 
manufacturer's data sheets . 




-0.5 0 0.5 1 2 2.5 3 5 7 9 
H Oersteds 

Figure 15. Typical Manufacturer's Curve Showing 
Saturation Effects 
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As the applied magnetizing force increases, at some 
point the permeability will start decreasing, and therefore 
the amount of magnetic flux will not increase any further, 
even as the magnetizing force increases. The physical 
reality is that, at the point where the permeability 
decreases, the magnetic field has realigned all of the 
magnetic domains in the core material. Once all of the 
domains have been aligned the core will then carry no 
more flux than just air, it becomes as if there were no 
core at all. This phenomenon is called saturation. 
Because the inductance value, L, is dependent on the 
amount of flux, core saturation will cause the value of L 
to decrease dramatically, in turn causing excessive and 
possibly destructive inductor current. 

Pot Cores for RC4391 

Pot core inductors are best suited for the RC4391 
switching regulator for several reasons: 

1 . They are available In a wide range of sizes. 

RC4391 applications are usually low power with 
relatively low peak currents (less than 500mA). A 
small inexpensive pot core can be chosen to meet 
the circuit requirements. 

2. Pot cores are easily mounted. They can be bolted 
directly to the PC card adjacent to the regulator IC. 

3. Pot cores can be easily air-gapped. The length of 
the gap is simply adjusted using different washer 
thicknesses, cores are also available with 
predetermined air gaps. 

4. Electromagnetic Interference (EMI) Is kept to a 
minimum, the completely enclosed design of a pot 



core reduces stray electromagnetic radiation — an 
important consideration if the regulator circuit is built 
on a PC card with other circuitry. 

Core Size 

Question: Is core size selected according to load 
power? 

Not quite. Core size is dependent on the amount of 
energy stored, not on load power. Raising the operating 
frequency allows smaller cores and windings. Reduction 
of the size of the magnetics is the main reason switching 
regulator design tends toward higher operating 
frequency. Designs with the RC4391 should use 75 kHz 
as a maximum running frequency, because the turn off 
delay of the power transistor and stray capacitive 
coupling begin to interfere. Most applications are in the 
10 to 50 kHz range, for efficiency and EMI reasons. 

The peak inductor current (l MAX ) must reach a high 
enough value to meet the load current and 
simultaneously the inductor value is decreased, then the 
core can be made smaller. For a given core size and 
winding, an increase in air gap spacing (an air gap is a 
break in the material in the magnetic path, like a section 
broken off a doughnut) will cause the inductance to 
decrease and l MAX (the usable peak current before 
saturation )to increase. 

The curves shown are typical of the ferrite 
manufacturer's power HF material, such as Siemens 
N27 or Stackpole 24B, which are usually offered in 
standard millimeter sizes including the sizes shown. 

Use of the Design Aid Graph 

1 . From the application requirement, determine the 
inductor value (L) and the required peak 
current (l MAX ). 
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Figure 16. Inductor Design Aid 



2. Observe the curves of the design aid graph and 
determine the smallest core that meets both the L 
and I requirements. 

3. Note the approximate air gap at l MAX for the 
selected core, and order the core with the gap. (If 
the gapping is done by the user, remember that a 
washer Ispacer results in an air gap of twice the 
washer thickness, because two gaps will be 
created, one at the center post and one at the 
rim, like taking two bites from a doughnut.) 

4. If the required inductance is equal to the indicated 
value on the graph, then wind the core with the 
number of turns shown in the table of sizes. The 
turns given are the maximum number for that gauge 
of wire that can be easily wound in cores winding 
area. 

5. If the required inductance is less than the value 
indicated on the graph, a simple calculation must be 
done to find the adjusted number of turns. Find \ 
(inductance index) for a specific air gap. 

L (indicated) A u . _ 9X 
Turns 2 =\ (in Henriesflurn 2 ) 



Then divide the required inductance value by AL to 
give the actual turns squared, and take the square 
root to find the actual turns needed. 

Actual Turns = 1 (required) 



If the actual number of turns is significantly less than 
the number from the table then the wire size can be 
increased to use up the leftover winding area and 
reduce resistive losses. 

6. Wind and gap the core as per calculations, and 
measure the value with an inductance meter. Some 
adjustment of the number of turns may be 
necessary. 

The saturation characteristics may be checked with 
the inductor wired into the switching regulator 
application circuit. To do so, build and power up the 
circuit. Then clamp an oscilloscope current probe 
(recommend Tektronix P6042 or equivalent) around 
the inductor lead and monitor the current in the 
inductor. Draw the maximum load current from the 
application circuit so that the regulator is running at 
close to full duty cycle. Compare the waveform you 
see to those pictured. 

Check for saturation at the highest expected 
ambient temperature. 
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Proper Operation 
(Waveform is Fairly Linear) 



Improper Operation 
(Waveform is Nonlinear, Inductor is Saturating) 
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Figure 17. Inductor Current Waveforms 



7. After the operation in circuit has been checked, 
reassemble and pot the core using a potting 
compound recommended by the manufacturer. 

If the core material differs greatly in magnetic 
characteristics from the standard power material 
shown in Figure 16, then the following general 
equation can be used to help in winding and 
gapping. This equation can be used for any core 
geometry, such as an E-E core. 



(1.26) (N 2 )(Ae)(10 8 ) 
g = (le/ue) 



Where: N = number of turns 

Ae a core area from data sheet (in cm 2 ) 
le = magnetic path length from data 

sheet (in cm) 
ue = permeability of core from 

manufacturer's graph 
g = center post air gap (in cm) 



Manufacturers 

Below is a list of several pot core manufacturers: 

Ferroxcube Company 
5083 Kings Highway 
Saugerties, NY 12477 

Indiana General Electronics 
Keasley, NJ 08832 

Siemens Company 
186 Wood Avenue South 
Iselin, NJ 08830 

Stackpole Company 
201 Stackpole Street 
St. Mary, PA 15857 

TDK Electronics 
13-1, 1 -Chrome 
Nihonbaski, Chuo-ku, Tokyo 
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RC4152 

Voltage-to-Frequency Converters 



Description 

The 4152 is a monolithic circuit containing all of the 
active components needed to build a complete voltage- 
to-frequency converter. Circuits that convert a DC 
voltage to a pulse train can be built by adding a few 
resistors and capacitors to the internal comparator, one- 
shot, voltage reference, and switched current source. 
Frequency-to-voltage converters (FVCs) and may other 
signal conditioning circuits are also easily created using 
these converters. 

Raytheon was the first company to introduce a 
monolithic VFC. The 4151 offers guaranteed 
temperature and accuracy specifications. The converter 
is available in a standard 8-pin plastic DIP. 



Functional Block Diagram 



4152 



Features 

♦ Single supply operation 

♦ Pulse output DTL/TTIXMOS compatible 

♦ Programmable scale factor (K) 

♦ High noise rejection 

♦ Inherent monotonicity 

♦ Easily transmittable output 

♦ Simple full scale trim 

♦ Single-ended input, referenced to ground 

♦ V-F or F-V conversion 

♦ Voltage or current input 

♦ Wide dynamic range 

Applications 

♦ Precision voltage-to-frequency converters 

♦ Pulse-width modulators 

♦ Programmable pulse generators 

♦ Frequency-to-voltage converters 

♦ Integrating analog-to-digital converters 
Long-term analog integrators 
Signal conversion: 

— Current-to-Frequency 

— Temperature-to-Frequency 

— Pressure-to-Frequency 

— Capacitance-to-Frequency 

— Frequency-to-Current 
Signal isolation: 

— VFC-opto-isolation— FVC 

— ADC with opto-isolation 
Signal encoding: 

— FSK modulation/demodulation 

— Pulse-width modulation 
Frequency scaling 
DC motor speed control 



Switched 
Current 
Source Output 

Switched 
Reference 
Output 



Open Collector 
Output 



Ground 4 




Comparator 
Inputs 



One Shot 
Timing 



♦ 
♦ 



♦ 
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Absolute Maximum Ratings 



Supply Voltage + 22V 

Internal Power Dissipation 500 mW 

Input Voltage -0.2Vto+Vs 

Output Sink Current 

(Frequency Output) 20 mA 

Output Short Circuit to Ground Continuous 

Storage Temperature Range -65°C to +150°C 

Operating Temperature Range 

RC4152 0°Cto+70°C 

RV4152N -25°Ct0 4B5°C 

Note: 

1 . "Absolute maximum ratings" are those beyond which the safety 
of the device cannot be guaranteed. They are not meant to 
imply that the device should be operated at these limits. If the 
device is subjected to the limits in the absolute maximum 
ratings for extended periods, its reliability may be impaired 
The tables of electrical Characteristics provide conditions for 
actual device operation. 



Thermal Characteristics 



Ordering Information 







Operating 


Part Number 


Package 


Temperature 






Range 


RC4152N 


N 


0°Cto+70°C 


RC4152M 


M 


0°Cto70°C 


RV4152N 


N 


-25°Cto485°C 



Notes: 

N - 8-lead plastic DIP 
M - 8-lead plastic SOIC 



Connection Information 



E 




3 


H 




3 


E 




g 


E 




3 




65-1529 


Pin Function 




1 Switched Current Source Output (Iqut) 


2 Switched Voltage Reference (Rs) 


3 Logic Output (Open Collector) (Fqut) 


4 Ground (GND) 




5 One-Shot R, C Timing (Co) 


6 Threshold (Vjh) 




7 Input Voltage (Vin) 




8 +V S 









8-Lead 


Small 




Plastic 


Outline 




DIP 


SO-8 


Max. Junction Temp. 


+125°C 


+125°C 


Max. PdTa<50 4 C 


468 mW 


300mW 


Therm. Res Gjc 






Therm. Res. Oja 


160°C/W 


240°C/W 


For Ta>50'C Derate at 


6.25 mVWC 


4.17mW/°C 
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Electrical Characteristics 

(Vs = +15V, and Ta = +25°C unless otherwise noted) 



Parameters 


Test Conditions 


Min 


Typ 


Max 


Units 


Power Supply Requirements (Pin 8) 

Supply Current 


V S = +15V 




2.5 


6.0 


mA 


Supply Voltage 




+7.0 


+15 


+18 


V 


Input Comparator (Pins 6 and 7) 

Vos 






±2.0 


±10 


mV 


input Bias Current 






-50 


-300 


nA 


Input Offset Current 






±30 


±100 


nA 


Input Voltage Range 




0 


V S -2 


V S -3 


V 


One Shot (Pin 5) 

Threshold Voltage 




0.65 


0.67 


0.69 


V 


Input Bias Current 






-50 


-500 


nA 


Saturation Voltage 


l = 2.2mA 




0.1 


0.5 


V 


Drift of Timing vs. 
Temperature 2 


T = 75ps 

over specified temperature range 




±30 


±50 


ppm/°C 


Timing Drift vs. Supply Voltage 






±100 




ppm/V 


Switched Current Source (pin 1) 1 

Output Current 


Rs = 16.7K, over 




+138 




MA 


Drift vs. Temperature 2 


specified temperature range 




±50 


±100 


ppm/°C 


Drift vs. Supply Voltage 






0.10 




%/V 


Leakage Current 


Off State 




1.0 


50 


nA 


Compliance 


Pint =0Vto+10V 


1.0 


2.5 




MA 


Reference Voltage (Pin 2) 












Vref 




2.0 


2.25 


2.5 


V 


Drift vs. Temperature 2 


over specified temperature range 




±50 


±100 


ppm/°C 


Logic Output (Pin 3) 


ISiNK = 3mA 




0.1 


0.5 


V 


Saturation Voltage 


lsiNK = 10mA 




0.8 






Leakage Current 


Off State 




0.1 


1.0 


MA 


Nonlinearity Error 

(Voltage Sourced Circuit of Figure 3) 


1.0 Hz to 10 kHz 




0.007 


0.05 


% 


Temperature Drift Voltage 2 

(Voltage Sourced Circuit of Figure 3) 


FOUT = 1 0 kHz, over 

over specified temperature range 




±75 


±150 


ppm/°C 



Notes: 

1. Temperature coefficient of output current source (pin 1 output) exclusive of reference voltage drift. 

2. Guaranteed but not tested. 
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Typical Performance Characteristics 



10 KHz Current-Sourced VFC 
Nonlinearity vs. Input Voltage 



+0.01 
+0.005 
I 0 

LU 

§-0.005 

z 

-0.01 
-0.015 



01 23456789 10 
V W (V) 

10 KHz Voltage-Sourced VFC 
Nonlinearity vs. Input Voltage 




100 KHz Current-Sourced VFC 
Nonlinearity vs. Input Voltage 




100 KHz Voltage-Sourced VFC 
Nonlinearity vs. Input Voltage 




10 KHz Precision VFC 
Nonlinearity vs. Input Frequency 




+0.12 
+0.08 





rror) 


+0.04 




ILI 






NL(% 


0 
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100 KHz Precision VFC 
Nonlinearity vs. Input Frequency 
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Principles of Operation 

The 4152 contains the following components: an open 
loop comparator, a precision one-shot timer, a switched 
voltage reference, a switched current source, and an 
open collector logic output transistor. These functional 
blocks are internally interconnected in a special way. By 
adding some external resistors and capacitors, a 
designer can create a complete voltage-to-frequency 
converter. 

The comparator's output controls the one-shot 
(monostable timer). The one-shot in turn controls The 
switched voltage reference, the switched current source 
and the open collector output transistor. The functional 
block diagram shows the components and their 
interconnection. 

To detail, if the voltage at pin 7 is greater than the 
voltage at pin 6, the comparator switches and triggers 
the one-shot. When the one-shot is triggered, two things 
happen. First, the one-shot begins its timing period. 
Second, the one-shot's output turns on the switched 
voltage reference, the switched current source and the 
open collector output transistor. 

The one-shot creates its timing period much like the 
popular 555 timer does, by charging a capacitor from a 



resistor tied to +Vs. The one-shot senses the voltage on 
the capacitor (pin 5) and ends the timing period when 
the voltage reaches 2/3 of the supply voltage. At the end 
of the timing period, the capacitor is discharged by a 
transistor similar to the open collector output transistor. 

Meanwhile, during the timing period of the one-shot, the 
switched current source, the switched voltage reference, 
and the open collector output transistor all will be 
switched on. The switched current source (pin 1) will 
deliver a current proportional to both the reference and 
an external resistor, Rs- The switched reference (pin 2) 
will supply an output voltage equal to the internal 
reference voltage (2.25V). The open collector output 
transistor will be turned on, forcing the logic output (pin 
3) to a low state. At the end of the timing period all of 
these outputs will turn off. The switched voltage 
reference has produced an off-on-off voltage pulse, the 
switched current source has emitted a quanta of charge, 
and the open collector output has transmitted a logic 
pulse. 

To summarize, the purpose of the circuit is to produce a 
current pulse, well-defined in amplitude and duration, 
and to simultaneously produce an output pulse which is 
compatible with most logic families. The circuit's outputs 
show a pulse waveform in response to a voltage 
difference between the comparators inputs. 
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I 

C B 
_=-JL+ 



1 — wv— 1 



- j^A^ — [7 



Current Setting Resistor 
R s =16.7K 



R| nan 



Open Collector Output 



Ground 



4152 



Switched 
Current 
Source 









Voltage 




8 


Reference 





Switched 
Voltage 
Reference 



Open Loop 
Comparator 





Precision 
One Shot 



_ Open Collector 
— Logic Output 
Transistor 



•r 



-0+v s 



100K 



0.01 \iF 



One Shot 
Timing 



V, N 



0to+10V 



65-1518 



Figure 1. Single Supply VFC 
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Applications 
Single Supply VFC 

The stand-alone voltage-to-frequency converter is one of 
the simplest applications for the 4152. This application 
uses only passive external components to create the 
least expensive VFC circuit (see Figure 1). 

The positive input voltage VIN is applied to the input 
comparator through a low pass filter. The one-shot will 
fire repetitively and the switched current source will pump 
out current pulses of amplitude Vref^RS and duration 
1 .1 RoCo into the integrator. Because the integrator is 
tied back to the inverting comparator input, a feedback 
loop is created. The pulse repetition rate will increase 
until the average voltage on the integrator is equal to the 
DC input voltage at pin 7. The average voltage at pin 6 is 
proportional to the output frequency because the amount 
of charge in each current pulse is precisely controlled. 

Because the one-shot firing frequency is the same as the 
open collector output frequency, the output frequency is 
directly proportional to Vin. 

The external passive components set the scale factor. 
For best linearity, Rs should be limited to a range of 12 
knto20kQ 

The reference voltage is nominally 1.9V for the 4151 and 
2.25V for the 4152. Recommended values for different 
operating frequencies are shown in the table below. 



Operating Range 


Ro 


Co 


Rb 


c B 


DC to 1.0 kHz 


6.8 k£> 


0.1 jjF 


100 kn 


10mF 


DC to 10 kHz 


6.8 kQ 


0.01 mf 


100 kQ 


10pF 


DC to 100 kHz 


6.8 ka 


0.001 mf 


100 ka 


10pF 



The single supply FVC is recommended for uses where 
dynamic range of the input is limited, and the input does 
not reach 0V. With 10 kHz values, nonlinearity will be 
less than 1 .0% for a 1 0 mV to 1 0V input range, and 
response time will be about 135 ms. 

Precision Current Sourced VFC 

This circuit operates similarly to the single supply VFC, 
except that the passive R-C integrator has been replaced 
by an active op amp integrator. This increases the 
dynamic range down to 0V, improves the response time, 
and eliminates the nonlinearity error introduced by the 
limited compliance of the switched current source output. 

The integrator algebraically sums the positive current 
pulses from the switched current source with the current 



Vin/Rb- To operate correctly, the input voltage must be 
negative, so that when the circuit is balanced, the two 
currents cancel. 



T = - 



1 



IVlNl 

Rb ! 



Four 

,ou {tt3 whereTP = 1 - 1R o c o 

'OUT^F 



By rearranging and substituting, 

FouT= li.i fwJ ["T-] 

Recommended component values for different operating 
frequencies are shown in the table below. 



Range 




Scale 










Input V| N 


Output Fq 


Factor 


Ro 


Co 


C| 


Rb 


0 to -10V 


0 to 1.0 kHz 


0.1 KHz/V 


6.8 kfl 


0.1 mf 


0.05 uF 


100 kQ 


0 to -10V 


0 to 10 kHz 


1.0 kHz 


6.8 kfl 


0.01 yF 


0.005 pF 


100 ka 


0 to -10V 


0 to 100 kHz 


10kHz/V 


6.8 kn 


0.001 uF 


500 pF 


100 kQ 



The graphs shown under Typical Performance 
Characteristics show nonlinearity versus input voltage 
for the precision current sourced VFC. The best linearity 
is achieved by using an op amp having greater than 1 .0 
V/ps slew rate, but any op amp can be used. 

Precision Voltage Sourced VFC 

This circuit is identical to the current sourced VFC, 
except that the current pulses into the integrator are 
derived directly from the switched voltage reference. 
This improves temperature drift at the expense of high 
frequency linearity. 

The switched current source (pin 1 ) output has been tied 
to ground, and Rs has been put in series between the 
switched voltage reference (pin 2) and the summing 
node of the op amp. This eliminates temperature drift 
associated with the switched current source. The graphs 
under the Typical Performance Characteristics show 
that the nonlinearity error is worse at high frequency, 
when compared with the current sourced circuit. 

Single Supply FVC 

A frequency-to-voltage converter performs the exact 
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Figure 2. Precision Current Sourced VFC 
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Figure 3. Precision Voltage Sourced VFC 



For More information, call 1-800-722-7074. Raytheon Semiconductor 



3-805 



RC4152 



opposite of the VFCs function; it converts an input pulse 
train into an average output voltage. Incoming pulses 
trigger the input comparator and fire the one-shot. The 
one-shot then clumps a charge into the output integrator. 
The voltage on the integrator becomes a varying DC 
voltage proportional to the frequency of the input signal. 
Figure 4 shows a complete single supply FVC. 

The input waveform must have fast slewing edges, and 
the differentiated input signal must be less than the 
timing period of the one-shot, 1.1 RoCo A differentiator 
and divider are used to shape and bias the trigger input; 
a negative going pulse at pin 6 will cause the 
comparator to fire the one-shot. The input pulse 
amplitude must be large enough to trip the comparator, 
but not so large as to exceed the ICs input voltage 
ratings. 

The output voltage is directly proportional to the input 
frequency: 



VQUT=[ 1 ' 1R y VREF ] F| N (Hz) 



Output ripple can be minimized by increasing Cb. but this 
will limit the response time. Recommended values for 
various operating ranges are shown in the following table. 



Input 

Operating 

Range 


C|N 


Ro 


Co 


Rb 


c B 


Ripple 


0 to 1.0 kHz 
Oto 10 kHz 
0 to 100 kHz 


0.02 pf 
0.002 \f 
200 pF 


6.8 kQ 
6.8 kQ 
6.8 kQ 


0.1 pF 
0.01 pF 
0.001 pF 


100 kQ 
100 kQ 
100 kQ 


100 pF 
10 pF 
1.0 pF 


1.0 mV 
1.0 mV 
1.0 mV 



Precision FVC 

Linearity, offset and response time can be improved by 
adding one or more op amps to form an active lowpass 
filter at the output. A circuit using a single pole active 
integrator is shown in Figure 5. 

The positive output current pulses are averaged by the 
inverting integrator, causing the output voltage to be 
negative. Response time can be further improved by 
adding a double pole filter to replace the single pole filter. 
Refer to the graphs under Typical Performance 
Characteristics that show nonlinearity error versus input 
frequency for the precision FVC circuit. 
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Figure 4. Single Supply FVC 
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Figure 5. Precision FVC 
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RC4153 

Voltage-to-Frequency Converter 



Description 

The 4153 sets a new standard for ease of application 
and high frequency performance in monolithic voltage- 
to-frequency converters. This voltage-to-frequency 
converter requires only four passive external 
components for precision operation, making it ideal for 
many low cost applications such as A/D conversion, 
frequency-to-voltage conversion, and serial data 
transmission. The improved linearity at high frequency 
makes it comparable to many dual slop A/D converters 
both in conversion time and accuracy, while retaining 
the benefits of voltage-to-frequency conversion, i.e., 
serial output, cost and size. The speed accuracy and 
temperature performance of the 4153 is achieved by 
incorporating high speed ECL logic, a high gain, wide 
bandwidth op amp, and a buried Zener reference on a 
single monolithic chip. 



Features 

♦ 0.1 Hz to 250 kHz dynamic range 

♦ 0.01% F.S. maximum nonlinearity error — 0.1 Hz to 
10 kHz 

♦ 50 ppm/°C maximum gain temperature coefficient 
(external reference) 

♦ Few external components required 

Applications 

♦ Precision voltage-to-frequency converters 

♦ Serial transmission of analog information 

♦ Pulse width modulators 

♦ Frequency-to-voltage converters 

♦ A/D converters and long term integrators 

♦ Signal isolation 

♦ FSK modulation/demodulation 

♦ Frequency scaling 

♦ Motor speed controls 

♦ Phase lock loop stabilization 
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Absolute Maximum RatingsO) 



Supply Voltage ±18V 

Internal Power Dissipation 500 mW 

Input Voltage -Vs to +V$ 

Output Sink Current 
(Frequency Output) 20 mA 

Storage Temperature Range -65°C to +150°C 

Operating Temperature Range 

RM4153 -55°Cto+125°C 

RC4153 0°Cto+70°C 

Note: 



1 . "Absolute maximum ratings" are those beyond which the 
safety of the device cannot be guaranteed. They are not meant 
to imply that the device should be operated at these limits. If 
the device is subjected to the limits in the absolute maximum 
ratings for extended periods, its reliability may be impaired. 
The tables of Electrical Characteristics provide conditions for 
actual device operation. 



Ordering Information 



Operating 

Part Number Package Temperature 
Range 

RC4153D D 0°Cto+70 o C 

RM4153D D -55°Cto +125°C 

Notes: 

D* 14-lead ceramic DIP 



Connection Information 




Function 


Pin 


Function 


-v s 


8 


Circuit Gnd 


REFGnd 


9 


Frequency Output 


Vref Output 




(Open Collector) 


VOUT (Op Amp) 


10 


+v s 


I|N (REF Input) 


11 


(+) Op Amp Input 


Co (Pulse Width) 


12 


(-) Op Amp Input 


Trigger Input 


13 


Vqs Trim 




14 


Vqs Trim 



Thermal Characteristics 

14-Lead 
Ceramic 
DIP 

Max. Junction Temp. +1 75°C 

Max.PoT A <50'C 1042 mW 

Therm. Res Ojc 60°C/W 
Therm. Res. 6ja 120°C/W 
For Ta >50'C Derate at 8.33 mW/*C 
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Electrical Characteristics 

(Vs = ±15V and Ta = +25°C unless otherwise noted) 



Parameters 


Mln 


Tvd 


Max 


Units 


Power Supply Requirements 










SuddIv Voltaoe 


±12 


±15 


±18 


V 


Supply Current (+Vs, kxjT = 0) 




+4.2 


+7.5 


mA 


(-Vq, lnuT = 0) 




-7 


-10 




Full Scale Frequency 


250 


500 




kHz 


Transfer Characteristics 










Nonlinearity Error Voltage-to-Frequencyl 










0.1Hz<FouT^10kHz 




0.002 


0.01 


%FS 


i .u nz s • OUT * uu Knz 




0.025 


n t\f\ 
u.uo 


%FS 


5.0 Hz<FouT^250kHz 




0.06 


0.1 


%FS 


Nonlinearity Error Frequency-to-VoItage 1 










0.1Hz<F|N^10kHz 




0.002 


0.01 


%FS 


1.0Hz<F|N<100kHz 




0.05 


0.1 


%FS 


5.0Hz<F|N<250kHz 




0.07 


0.12 


%FS 


Scale Factor Tolerance, F = 10 kHz 














±0.5 




% 


2VrefR|nCo 






Change of Scale Factor with Supply 




0.008 




%/V 


Reference Voltage (Vref) 




7.3 




V 


Temperature Stability (0°C to 70°C) 1. 2, 3 










Scale Factor 10 KHz Nominal 




±75 


±150 


ppm/°C 


Reference Voltage 




±50 


±100 


ppm/°C 


Scale Factor (External Ref) 10 KHz FS 




±25 


±50 


ppm/°C 


Scale Factor (External Ref) 100 KHz FS 




±50 


±100 


ppm/°C 


Scale Factor (External Ref) 250 KHz FS 




±100 


±150 


ppm/°C 



Notes: 

1. Guaranteed but not tested. 

2. Vref Range: 6.6V < Vref ^ 8.0V. 

3. Over the specified operating temperature range. 
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Electrical Characteristics (Continued) 



Parameters 


Min 


Typ 


Max 


Units 


Op Amp 










Open Loop Output Resistance 




230 




a 


Short Circuit Current 




25 




mA 


Gain Bandwidth Product 1 


2.5 


3.0 




MHz 


Slew Rate 


0.5 


2.0 




V/nS 


Output Voltage Swing (R|_ £ 2K) 


0tO+10 


-0.5 to +14.3 




V 


Input Bias Current 




70 


400 


nA 


Input Offset Voltage (Adjustable to 0) 




0.5 


5.0 


mV 


Input Offset Current 




30 


60 


nA 


Input Resistance (Differential Mode) 




1.0 




Ma 


Common Mode Rejection Ratio 


75 


100 




dB 


Power Supply Rejection Ratio 


70 


106 




dB 


Large Signal Voltage Gain 


25 


350 




V/mV 


Switched Current Source 










Reference Current (External Reference) 




1.0 




mA 


Digital Input (Frequency-to-Voltage, Pin 7) 










Logic "0 W 






0.5 


V 


1 A/tin «H » 

Logic l 


z.o 






V 


Trigger Current 




-50 




ma 


Logic Output (Open Collector) 










Saturation Voltage (Pin 9) 










lsiNK = 4mA 




0.15 


0.4 


V 


lsiNK = 10mA 




0.4 


1.0 


V 


Ileak (Off State) 




150 




nA 



Notes: 

1 . Guaranteed but not tested. 
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Typical Performance Characteristics 



10 kHz Full Scale Drift 
Output Frequency vs. Temperature 




-60 -40 -20 0 +20 +40 +60 +80 +100+120 
T A (°C) 



249.2 
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250 kHz Full Scale Drift 
Output Frequency vs. Temperature 
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360 kHz Voltage-to-Frequency 
Nonlinearity vs. Input Voltage 




250 kHz Voltage-to-Frequency 
Nonlinearity vs. Input Voltage 
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Typical Performance Characteristics (continued) 
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10 KHz Voltage-to-Frequency 
Nonlinearity vs. Input Voltage 
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10 KHz Voltage-to-Frequency 
Nonlinearity vs. Input Frequency 
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Nonlinearity vs. Input Voltage 
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Nonlinearity vs. Input Frequency 




0 5 10 15 20 25 30 35 40 45 50 
Fin (kHz) 




3-814 



Raytheon Semiconductor 



For More Information, call 1^800-722-7074. 



Typical Application Circuits 

T 



V 'NQ— WV 



= 30G 



F OUT= 



2V ref Rin C 0 

(V REF= 7.3V) 



RC4153 




Full Scale 


C i 


Co 


R IN 


10 kHz 


0.1 u= 


3300 pF 


20K 


50 kHz 


0.02 W= 


680 pF 


20K 


100 kHz 


4300 pF 


330 pF 


20K 


250 kHz 


1000 pF 


130 pF 


20K 



inr 



T = 



1 



* For Bipolar Input 

VjnRref+VrefRin 



2RinRsVrefC 0 



* ±V smust be thoroughly decoupled. F 
** For bipolar input. 
Resistance in Ohms unless otherwise specified. 

Figure 1. Voltage-to-Frequency Converter Minimum Circuit 
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R1 S c 0 -E"^Z 
(0-10 kHz) o— ir 



Full Scale 


c, 


Co 


Rb 


10 kHz 


10UF 


3300 pF 


20K 


50 kHz 


2 W 


330 pF 


40K 


100 kHz 


1pF 


150 pF 


43K 


250 kHz 


0.2 VF 


60 pF 


39K 



27^0(1 - 1.5 x10 4 Co F w ) 
C, 



T K=COVERY" 1.36x10 4 C,CoR B AFw 



F w (Max) 



* ±V S must be thoroughly decoupled. 
** Optional. 
Resistance in Ohms unless otherwise specified. 



Figure 2. Frequency-to-Voltage Converter 
For More information, call 1^800-722-7074. Raytheon Semiconductor 
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Typical Application Circuits (Continued) 

Full Scale 
Adjust 

n 

(o to 10V) o — WV-M/W 



F OUT 




Full Scale 


c, 


Co 


R|N 


10 kHz 


0.1 HF 


3300 pF 


20K 


50 kHz 


0.02 nF 


680 pF 


20K 


100 kHz 


4300 pF 


330 pF 


20K 


250 kHz 


1000 pF 


130 pF 


20K 



WV — -j^ 



Output 



Four (Max) 

• ± Vs must be thoroughly decoupled. 
Resistance in Ohms unless otherwise specified. 



Figure 3. Voltage-to-Frequency Converter with Offset and Gain Adjusts 
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Principles of Operation 

The 4153 consists of several functional blocks which 
provide either voltage-to-frequency or frequency-to- 
voltage conversion, depending on how they are 
connected. The operation is best understood by 
examining the block diagram as it is powered in a 
voltage-to-frequency mode (Figure 4). 

When power is first applied, all capacitors are 
discharged. The input current, Vin/Rin. causes C| to 
charge, and point C will try to ramp down. The trigger 
threshold of the one-shot is approximately +1 .3V, and if 
the integrator output is less than +1 .3V, the one-shot will 
fire and pulse the open collector output E and the 
switched current source A (see Figures 4 and 5). 
Because the point C is less than +1 .3V, the one-shot 
fires, and the switched current source delivers a 
negative current pulse to the integrator. This causes Cin 
to charge in the opposite direction, and point C will ramp 
up until the end of the one-shot pulse. At that time, the 
positive current Vin/Rin will again make point C ramp 
down until the trigger threshold is reached. 

When power is applied, the one-shot will continuously 
fire until the integrator output exceeds the trigger 
threshold. Once this is reached, the one-shot will fire as 
needed to keep the integrator output above the trigger 
threshold. If Vjn is increased, the slope of the downward 
ramp increases, and the one-shot will fire more often in 
order to keep the integrator output high. Since the one- 
shot firing frequency is the same as the open collector 
output frequency, any increase in Vin will cause an 
increase in Fout- This relationship is very linear 

Integrator 



Ci 



Rin 

Vin o VW- 

OtolOV 



Voltage 
Reference 
7.3V 




Switched 
Current 
Source 



-OC 



because the amount of charge in each Iout pulse is 
carefully defined, both in magnitude and duration. The 
duration of the pulse is set by the timing capacitor Co 
(point D). This feedback system is called a charge- 
balanced loop. 

The scale factor K (the number of pulses per second for 
a specified Vin), is adjusted by changing either Rin and 
therefore Iin. or by changing the amount of charge in 
each Iqut pulse. Since the magnitude of Iout is fixed at 
1 milliamp, the way to change the amount of charge is 
by adjusting the one-shot duration set by Co (Iout may 
be adjusted by changing Vref-) The accuracy of the 
relationship between Vjn and Fout is affected by three 
major sources of error: temperature drift, nonlinearity 
and offset 

The total temperature drift is the sum of the individual 
drift of the components that make up the system. The 
greatest source of drift in a typical application is in the 
timing capacitor, Co- Low temperature coefficient 
capacitors, such as silver mica and polystyrene, should 
be measured for drift, using a capacitance meter. 
Experimentation has shown that the lowest tempco's are 
achieved by wiring a parallel capacitor composed of 
70% silver mica and 30% polystyrene. 



v, N 

+5V. 



:innim ! 

■ n_n_juuuu 

-mm 

■nnnniui 



Switched Current 
Source Output 

.OmA 



Figure 4. Voltage-to-Frequency Block Diagram 
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+V S 
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Figure 5. Voltage-to-Frequency Timing Waveforms 
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The reference on the chip can be replaced by an 
external reference with much tighter drift specifications, 
such as an LM199. The 199's 6.9V output is close to the 
4153's 7.3V output, and has less than 10 ppm/°C drift. 

Nonlinearity is primarily caused by changes in the 
precise amount of charge in each Iout pulse. As 
frequency increases, internal stray capacitances and 
switching problems change the width and amplitude of 
the Iout pulses, causing a nonlinear relationship 
between Vin and Fout- For this reason, the scale factor 
you choose should be below 1 KHz/V or as low as the 
acquisition time of your system will allow. 

Nonlinearity is also affected by the ratio of C| to Co- 
Less error can be achieved by increasing the value of 
C|, but this affects response time and temperature drift. 
Optimum values for C| and Co are shown in the tables 
in Figures 1 , 2, and 3. These values represent the best 
compromise of nonlinearity and temperature drift 
Polypropylene, mylar or polystyrene capacitors should 
be used for C|. 

The accuracy at low input voltages is limited by the 
offset and Vos drift of the op amp. To improve this 
condition, an offset adjust is provided. 

Once your system is running, it may be calibrated as 
follows: apply a measured full scale input voltage and 
adjust Rin until the scale factor is correct. For precise 
applications, trimming by soldering metal film resistors in 
parallel is recommended instead of trimpots, which have 
bad tempcos and are easily taken out of adjustment by 
mechanical shock. After the scale factor is calibrated, 
apply a known small input voltage (approximately 10 
mV) and adjust the op amp offset until the output 
frequency equals the input multiplied by the scale factor. 

The output E consists of a series of negative going 
pulses with a pulse width equal to the one-shot time. 
The open collector pull-up resistor may be connected to 



a different supply (such as 5V for TTL) as long as it 
does not exceed the value of +Vs applied to pin 10. 
The load current should be kept below 1 0 mA in order 
to minimize strain on the device. Pins 2 and 8 must be 
grounded in all applications, even if the open collector 
transistor is not used. 

Figure 6 shows the complete circuit for a precision 
frequency-to-voltage converter. This circuit converts an 
input frequency to a proportional voltage by integrating 
the switched current source output. As the input 
frequency increases, the number of Iout pulses 
delivered to the integrator increases, thus increasing 
the average output voltage. Depending on the time 
constant of the integrator, there will be some ripple on 
the output. The output may be further filtered, but this 
will reduce the response time. A second order filter will 
decrease ripple and improve response time. 

The input waveform must meet three conditions for 
proper frequency-to-voltage operation. First, it must 
have sufficient amplitude and offset to swing above and 
below the 1 .3V trigger threshold (See Figure 6 for an 
example of AC coupling and offset bias.) Second, it 
must be a fast slewing waveform having a quick rise 
time. A comparator may be used to square it up. 
Finally, the input pulse width must not exceed the one- 
shot time, in order to avoid retriggering the one-shot 
(AC couple the input). 

Capacitive coupling between the trigger input and the 
timing capacitor pin may occur if the input waveform is 
a squarewave or the input has a short period. This can 
cause gross nonlinearity due to changes in the one- 
shot timing waveform (See Figure 7). This problem can 
be avoided by keeping the value of Co small, and 
thereby keeping the timing period less than the input 
waveform period. 
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Figure 6. Frequency-to-Voltage Precision Converter 
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Figure 7. Frequency-to-Voltage Timing Waveforms 
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Detailed Circuit Operation 

The circuit consists of a buried zener reference 
(breakdown occurs below the surface of the die, 
reducing noise and contamination), a high speed one- 
shot, a high speed switched precision voltage-to-current 
converter and an open-collector output transistor. 

Figure 8 shows a block diagram of the high speed one- 
shot and Figure 9 shows the monolithic implementation. 
A trigger pulse sets the R-S latch, which lets Co charge 
from l-p. When the voltage on Co exceeds Vjh. the 
comparator resets the latch and discharges Co- Looking 
at the detailed schematic, a positive trigger voltage turns 
on Q5, turns off Q4, and turns on Q3. Q3 provides more 
drive to Q5 keeping it on and latching the base of Q1 1 
low. This turns on the switched current source and turns 
off Q1 , allowing Co to charge in a negative direction. 
When the voltage on Co exceeds Vjh, Q13's collector 
pulls Q3's base down, resetting the latch, turning off the 
switched current source and discharging Co through 
Q1 . Note that all of the transistors in the signal path are 
NPNs, and that the voltage swings are minimized ECL 
fashion to reduce delays. Minimum delay means 
minimum drift of the resultant VFC scale factor at high 
frequency. 
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Figure 8. One-Shot Block Diagram 
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Figure 9. One-Shot (Detail) 
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The switched current source is shown as a block 
diagram in Figure 10 and detailed in Figure 11. The 
summing node (+ input of the op amp) is held at 0V by 
the amplifier feedback, causing Vref to be applied 
across R60. This current (Vref/R60), minus the small 
amplifier bias current, flows through Q35. Q35 develops 
a Vbe dependent on that current. This Vbe is developed 
across Q36. Since Q35 and Q36 are equal in area, their 
currents are equal. This mirrored current is switched by 
the one-shot output. 

The detail schematic shows the amplifier and load (Q21 
through Q34), the mirror transistors (Q35, Q36) and the 
differential switching transistors (Q7, Q8). The amplifier 
uses a complementary paraphase input composed of 
Q21 through Q26 with a current mirror formed by Q27 
through Q30, which converts from differential to single- 
ended output. Level-shift diodes Q32 and Q34 and 
emitter follower Q31 bootstrap the emitters of the mirror 
devices Q29 and Q30 to increase gain and lower input 
offsets, which would otherwise be caused by 
unbalanced collector voltages on Q23 and Q26. 
Matching emitter currents in Q35 and Q36 are assured 
by degeneration resistors R3 and R4. The differential 
switch allows the current source to remain active 

To+Vs 



continuously, shunting to ground in the off state. This 
helps stabilize the output and again, NPNs reduce 
switching time, timing errors, and most important, drift of 
timing errors over temperature. 
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Figure 10. Switched Current Source Block Diagram 
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Figure 11. Switched Current Source (Detail) 
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RV4140 

Low Power Two- Wire Ground Fault Interrupter Controller 



Description 

The RV4140 is a tow power controller for AC outlet 
appliance leakage circuit interrupters. These devices 
detect hazardous current paths to ground such as an 
appliance falling into water. The interrupter then open 
circuits the line before a harmful or lethal shock occurs. 

Internally, the RV4140 has a diode bridge rectifier, zener 
shunt regulator, op amp, current reference, time delay 
circuit, latch and SCR driver. 

An external sense transformer, SCR, relay, two resistors 
and three capacitors complete the design of the circuit 
interrupter. The simple layout and minimum component 
count ensure ease of application and long term 
reliability. 



Features 

♦ Powered from the AC line 

♦ Built-in bridge rectifier 

♦ Direct interface to SCR 

♦ 350 jxA quiescent current 

♦ Adjustable trip current 

♦ Adjustable time delay 

♦ Minimum external components 

♦ Meets UL 943 requirements 

♦ Specifically for two-wire systems 

♦ For use with 1 1 0V or 220V systems 



For More information, call 1-800-722-7074. Raytheon Semiconductor 
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Absolute Maximum Ratings 

Supply Current 7 mA 

Internal Power Dissipation 500 mW 

Storage Temperature Range -65°C to +150°C 

Operating Temperature Range -35°C to +80°C 

Lead Soldering Temperature 

(DIP, 60 sec.) +300°C 

(SO, 10 sec.) +260°C 



Thermal Characteristics 





o Leaa 
Ptestlc§(JIC 


o Leaa 
PtasttePip 


Max. Junction Temp. 


+125°C 


+125°C 


Max. P D T A <50°C 


300 mW 


468 mW 


Therm. Res 6^ 






Therm. Res. 9 JA 


240°C/W 


160°C/W 


ForT A >50°C Derate at 


4.1 mW/°C 


6.25 mW/°C 



Connection Information 



8-Lead Plastic 
Dual In-Llne SO-8 

(Top View) 



E 

a 



n 

3 

n 
n 



E 
E 
E 
E 



8-Lead Plastic 
Dial In-Llne Package 

(Top View) 



3 
3 
3 
3 



Pin Function 



1 


RSET 


2 


VFB 


3 


Common (+2.5V) 


4 


Ground 


5 


Line 


6 


Neutral 


7 


SCR Trigger 


8 


C Delay 



Ordering Information 







Operating 


Part Number 


Package 


Temperature 






Range 


RV4140N 


N 


-35°Cto+80°C 


RV4140M 


M 


-35°C to +80°C 



Notes: 

N « 8-lead plastic DIP 
M - 8-lead plastic SOIC 
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Electrical Characteristics 

I line = 1 .2 mA, Ta ■ 25°C, Rset = 290 kfl 



Parameters 


Test Conditions 


MIn 


Typ 


Max 


Units 


Shunt Regulator (pins 5 to 6) 












Regulated Voltage 


12-3-11 pA 


6.8 


7.2 


7.6 


Volts 


Regulated Voltage 


I line- 700 pA, 12-3 = 9 pA 


6.8 


7.2 


7.6 


Volts 


Sense Amplifier (pins 2 to 3) 












Offset Voltage 


Design Value 


-3.0 


0 


3.0 


mV 


Gain Bandwidth 


Design Value 




2.0 




MHz 


Input Bias Current 


Design Value 




30 


100 


nA 


SCR Trigger (pins 7 to 6) 












Output Resistance 


V5-6 = open, 12-3 = OpA 


4.0 


4.7 


5.4 


kn 


Output Voltage 


l2-3 = 9pA 


0 


0.1 


10 


mV 


Output Voltage 


12-3 = 11 mA 


1.4 


2.0 


2.6 


Volts 


Output Current 


V7-6-0V, 12-3 = 11 pA 


300 


420 


600 


pA 


Reference Voltage (pins 3 to 4) 












Reference Voltage 


I line = 700 pA 


2.6 


2.9 


3.2 


Volts 


Delay Timer (pins 8 to 4) 












Delay Time (1) 


C8-4 = 20nF 




2.0 




ms 


Delay Current 


12-3 = 11 pA 


23 


29 


35 


pA 



Notes: 

1 . Delay time is defined as starting when the instantaneous sense current (I2-3) exceeds 2.9V/Rset and ending when the SCR Trigger voltage 
V7-6 goes high. 



Functional Block Diagram 
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Principles of Operation 

(Refer to Block Diagram and Figure 1 ) 

The shunt regulator generated by a 6.5V zener diode is 
built into the internal bridge rectifier. It is divided to 
create an internal reference voltage of 2.9V connected 
to pin 3. The secondary of the sense transformer is AC 
coupled to the inverting input of the sense amplifier at 
pin 2; the non-inverting input is referenced to pin 3. A 
current feedback loop around the sense amplifier 
ensures a virtual ground will be presented to the 
secondary of the sense transformer. In this manner it 
acts as a current transformer instead of a voltage 
transformer. In this mode, the transformer's 
characteristics are very predictable and circuit 
adjustments are not necessary in production. 

The sense transformer has a toroidal core made of 
laminated steel rings or solid ferrite material. The 
secondary of the transformer is 500 to 1 000 turns of #40 
wire wound through the toroid. The primary is one turn 
made by passing the AC hot and neutral wires through 
the center of the toroid. When a ground fault exists, a 
difference exists between the current flowing in hot and 
neutral wires. The difference primary current, divided by 
the number of secondary turns, flows through the 
secondary wire of the transformer. 

The AC coupled transformer secondary current then 
flows through the sense amplifier's feedback loop, 
creating a full wave rectified version of the secondary 
fault current. This current passes through Rset at pin 1 , 
generating a voltage equal to Rset times the peak fault 
current divided by the sense transformer turns ratio. 
This voltage is compared with the reference voltage at 
pin 3. 

If the voltage at pin 1 is greater than pin 3, a comparator 
will charge C2 through a 29 pA current source at pin 8. If 
the voltage at pin 1 exceeds pin 3 for longer than the 
delay time, a 400 nA current will pulse between pins 7 
and 6 which will trigger the gate of the SCR. 

If the voltage at pin 1 exceeds pin 3 for less than the 
delay time, the SCR will not trigger. 

The fault current at which the controller triggers the SCR 
is dependent on the value of Rset and the time delay 
determined by C2. 

UL 943 requires the circuit interrupter trip when the 
ground fault exceeds 6 mA and not trip when the fault 
current is less than 4 mA. 



Supply Current Requirements 

The RV41 40 has a built-in diode bridge rectifier that 
provides power to the chip independent of the polarity of 
the AC line. This eliminates the external rectifier required 
for previous GFCI controllers. 

Rune ' im ' te the shunt regulator current to 2 mA. The 
recommended value is 47K to 91 K for 1 1 0V systems and 
91 K to 150K for 220V systems. The recommended 
maximum peak line current through Rline is 7 mA. 

DO NOT connect a filter capacitor between pins 5 and 6 in 
an attempt to filter the supply voltage at the RV4140. 
Proper operation of the RV4140 requires the internal 
supply voltage to be unfiltered. 

SCR Driver 

The SCR must have a high dV/dt rating to ensure that line 
noise (generated by electrically noisy appliances) does not 
falsely trigger the SCR. Also, the SCR must have a gate 
drive requirement less than 200 jliA. C3 is a noise filter that 
prevents high frequency line pulses from triggering the 
SCR. 

The relay solenoid used should have a 3 ms or less 
response time to meet the UL 943 timing requirement. 

Supplier of Sense Transformers and 
Cores 

Magnetic Metals Corporation, Camden, NJ 08101 , (609) 
964-7842, supplies a full line of ring cores and 
transformers designed specifically for GFCI and related 
applications. 

Determining the Values of Rset and 
C2 

Determine the ground fault trip current requirement. This 
will be typically 5 mA in North America (1 1 7 VAC) and 1 0 
mA in the UK and Europe. 

Determine the minimum amount of time delay required to 
prevent nuisance tripping. This will typically be 1 to 2 ms. 

The value of C2 required to provide the desired delay time 
is: 

C2-10-XT 

where: 
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C2 is in nF 
T is the desired delay time in ms. 

The value of Rset to meet nominal ground fault trip 

current specific ation is: 2.05 x N 

IFAULTXCOS180(T/P) 

RSET = 



KV41 40 

Ifault is the desired ground fault trip current in mA 
RMS 

N is the number of sense transformer secondary turns. 

This formula assumes an ideal sense transformer is 
used. The calculated value of Rset may have to be 
changed up to 30% when using a non-ideal transformer. 



Where: 

Rset k in kft 

T is the time delay in ms 

P is the period of the line frequency in ms 
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Figure 1. Appliance Leakage Detector Circuit Application 
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RV4141 

Low Power Ground Fault Interrupter 



Description 

The RV4141 is a low power controller for AC receptacle 
ground fault circuit interrupters. These devices detect 
hazardous current paths to ground and ground to 
neutral faults. The circuit interrupter then disconnects 
the load from the line before a harmful or lethal shock 
occurs. 

Internally, the RV4141 contains a diode rectifier, shunt 
regulator, precision sense amplifier, current reference, 
time delay circuit, and SCR driver. 

Two sense transformers, SCR, solenoid, three resistors 
and four capacitors complete the design of the basic 
circuit interrupter. The simple layout and minimum 
component count insure ease of application and long 
term reliability. 

Features not found in other GFCI controllers include a 
low offset voltage sense amplifier eliminating the need 
for a coupling capacitor between the sense transformer 
and sense amplifier, and an internal rectifier to eliminate 
high voltage rectifying diodes. 

The RV4141 is powered only during the positive half 
period of the line voltage, but can sense current faults 
independent of its phase relative to the line voltage. The 
gate of the SCR is driven only during the positive half 
cycle of the line voltage. 



Features 

♦ Powered from the AC line 

♦ Built-in rectifier 

♦ Direct interface to SCR 

♦ 500 |iA quiescent current 

♦ Precision sense amplifier 

♦ Adjustable time delay 

♦ Minimum external components 

♦ Meets UL 943 requirements 

♦ For use with 1 1 0 V or 220V systems 

♦ Available in 8 pin DIP or SOIC package 



For Mora Information, call 1-800-722-7074. 
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Absolute Maximum Ratings 

Supply Current 10 mA 

Internal Power Dissipation 500 mW 

Storage Temperature 

Range -65°C to +150°C 

Operating Temperature 

Range... -35°C to +80°C 

Lead Soldering Temperature 

(60 Sec, DIP) +300°C 

(10 Sec, SO) +260°C 



Ordering Information 







Operating 


Part Number 


Package 


Temperature 






Range 


RV4141N 


N 


-35°Cto+80°C 


RV4141M 


M 


-35°Cto+80°C 



Notes: 

N - 8-lead plastic DIP 
M - 8-lead plastic SOIC 



Connection Information 



Thermal Characteristics 



8-Lead Plastic 
Dual In-Line SO-8 

(Top View) 




8-Lead Plastic 
Dial In-Llne Package 

(Top View) 




Pin Function 
1 Amp Out 
Vfb 

VREF(+13V) 
Ground 
Line 

6 +V S 

7 SCR Trigger 

8 Delay Cap 





8-Lead 
Plastic 
SOIC 


8-Lead 
Plastic 
DIP 


Max. Junction Temp. 


+125°C 


+125°C 


Max. P D T A <50°C 


300 mW 


468 mW 


Therm. Res 8^ 






Therm. Res. 9 JA 


240°C/W 


160°C/W 


ForT A >50°C 
Derate at 


4.1 mW 
per °C 


6.25 mW 
per °C 
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Not Part of i 
Application < 



Note: 

Portions of this schematic are subject to 
U.S. patents 3,878,435 and Re. 30,678 



Figure 1. GFI Application Circuit 
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Electrical Characteristics 

(! UNE = 1 .5 mA and T A = +25°C, R SET » 650 kQ) 



Parameters 


Test Conditions 


MIn 


Typ 


Max 


Units 


Shunt Regulator (Pins 5 to 4) 












Regulated Voltage 


1^ = 11 nA 


25.0 


27.0 


29.0 


Volts 


Regulated Voltage 


"line = 750 PA. ^ = 9^ 


25.0 


27.0 


29.0 


Volts 


Quiescent Current 


= 24V 


*""■"* 


500 


"™~ 


|iA 


Sense Amplifier (Pins 2 to 3) 












Offset Voltage 




200 


0 


200 


nv 


Gain Bandwidth 


(Design Value) 


~~~ 


1.5 


~~~ 


MHz 


Input Bias Current 


(Design Value) 




30 


100 


nA 


SCR Trigger (Pins 7 to 4) 












Output Resistance 


V^Open, l 2 . 3 = 0 jxA 


4.0 


4.7 


5.4 


kfl 


Output Voltage 




0 


0.1 


10 


mV 


Output Voltage 




2.4 


3.0 


3.6 


Volts 


Output Current 


V 7 -4 = ° v . ' 2 -3 = h ma 


400 


600 


800 


*iA 


Reference Voltage (Pins 3 to 4) 












Reference Voltage 


l LINE =750|iA 


12.0 


13.0 


14.0 


Volts 


Delay Timer (Pins 8 to 4) 












Delay Time (Note 1) 


C a ^ = 12nF 




2.0 




ms 


Delay Current 




30 


40 


50 


HA 



Note: 

1 . Delay time is defined as starting when the instantaneous sense current exceeds 6.5 V/R SET and ending when the SCR 
trigger voltage V 7-6 goes high. 



Functional Block Diagram 



Amp 
Out 
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RV4141 



Circuit Operation 

(Refer to Block Diagram and Figure 1) 

The precision op amp connected to Pins 1 through 3 
senses the fault current flowing in the secondary of the 
sense transformer, converting it to a voltage at Pin 1 . 
The ratio of secondary current to output voltage is 
directly proportional to feedback resistor, Rset- 

Rset converts the sense transformer secondary current 
to a voltage at Pin 1 . Due to the virtual ground created 
at the sense amplifier input by its negative feedback 
loop, the sense transformer's burden is equal to the 
value of Rin- From the transformer's point of view, the 
ideal value for Rin is Oft This will cause it to operate as 
a true current transformer with minimal error. However, 
making Rin equal to zero creates a large offset voltage 
at Pin 1 due to the sense amplifier's very high DC gain. 
RiN should be selected as high as possible consistent 
with preserving the transformer's operation as a true 
current mode transformer. A typical value for Rin is 
between 200 and 1000Q 

As seen by the equation below, maximizing Rin 
minimizes the DC offset error at the sense amplifiers 
output The DC offset voltage at Pin 1 contributes 
directly to the trip current error. The offset voltage at Pin 
1 is: 

VosxRset/(Rin + Rsec) 

Where: 

Vos = Input offset voltage of sense amplifier 
Rset = Feedback resistor 
RiN = Input resistor 

RSEC= Transformer secondary winding resistance 

The sense amplifier has a specified maximum offset 
voltage of 200 pV to minimize trip current errors. 

Two comparators connected to the sense amplifier 
output are configured as a window detector, whose 
references are -6.5 volts and +6.5 volts referred to Pin 3. 
When the sense transformer secondary RMS current 
exceeds 4.6/Rset the output of the window detector 
starts the delay circuit. If the secondary current exceeds 
the predetermined trip current for longer than the delay 
time a current pulse appears at Pin 7, triggering the 
SCR. 

The SCR anode is directly connected to a solenoid or 
relay coil. The SCR can be tripped only when its anode 
is more positive than its cathode. 



Supply Current Requirements 

The RV4141 is powered directly from the line through a 
series limiting resistor called Rline. its value is between 
24 kQ and 91 k£l The controller IC has a built-in diode 
rectifier eliminating the need for external power diodes. 

The recommended value for Rline is 24 kft to 47 kftfor 
1 1 0V systems and 47 kn to 91 for 220V systems. 
When Rline is 47 kft the shunt regulator current is 
limited to 3.6 mA. The recommended maximum peak 
line current through Rline is 1 0 mA. 

GFCI Application 

(Refer to Figure 1) 

The GFCI detects a ground fault by sensing a difference 
current in the line and neutral wires. The difference 
current is assumed to be a fault current creating a 
potentially hazardous path from line to ground. Since the 
line and neutral wires pass through the center of the 
sense transformer, only the differential primary current is 
transferred to the secondary. Assuming the turns ratio Is 
1 :1 000 the secondary current is 1/1 000th the fault 
current. The RV4141's sense amplifier converts the 
secondary current to a voltage which is compared with 
either of the two window detector reference voltages. If 
the fault current exceeds the design value for the 
duration of the programmed time delay, the RV4141 will 
send a current pulse to the gate of the SCR. 

Detecting ground to neutral faults is more difficult. Rb 
represents a normal ground fault resistance, Rn is the 
wire resistance of the electrical circuit between load/ 
neutral and earth ground. Rq represents the ground to 
neutral fault condition. According to UL 943, the GFCI 
must trip when Rn = 0.4H, Rq = 1 .6£2 and the normal 
ground fault is 6 mA. 

Assuming the ground fault to be 5 mA, 1 mA and 4 mA 
will go through Rq and Rn, respectively, causing an 
effective 1 mA fault current. This current is detected by 
the sense transformer and amplified by the sense 
amplifier. The ground/neutral and sense transformers 
are now mutually coupled by Rq, Rn and the neutral 
wire ground loop, producing a positive feedback loop 
around the sense amplifier. The newly created feedback 
loop causes the sense amplifier to oscillate at a 
frequency determined by ground/neutral transformer 
secondary inductance and C4. Typically it occurs at 8 
KHz. 
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C2 is used to program the time required for the fault to 
be present before the SCR is triggered. Refer to the 
equation below for calculating the value of C2. Its typical 
value is 1 2 nF for a 2 ms delay. 

RSET is used to set the fault current at which the GFCI 
trips. When used with a 1:1 000 sense 
transformer, its typical value is 1 Mft for a GFCI 
designed to trip at 5 mA. 

RlN should be the highest value possible which insures 
a predictable secondary current from the sense 
transformer. If Rin is set too high, normal production 
variations in the transformer permeability will cause unit 
to unit variations in the secondary current. If it is too low, 
a large offset voltage error at Pin 1 will be present. This 
error voltage in turn creates a trip current error 
proportional to the input offset voltage of the sense 
amplifier. As an example, if Rjn is 500ft Rset is 1 MQ, 
RSEC is 45£2 and the Vos of the sense amplifier is its 
maximum of 200 jxV, the trip current error is ±5.6%. 

The SCR anode is directly connected to a solenoid or 
relay coil. It can be tripped only when its anode is more 
positive than its cathode. It must have a high dV/dt 
rating to ensure that line noise (generated by electrically 
noisy appliances) does not falsely trigger it. Also the 
SCR must have a gate drive requirement less than 200 
pA. C3 is a noise filter that prevents high frequency line 
pulses from triggering the SCR. 

The relay solenoid used should have a response time of 
3 ms or less to meet the UL 943 timing requirement. 

Sense Transformers and Cores 

The sense and ground/neutral transformer cores are 
usually fabricated using high permeability laminated 
steel rings. Their single turn primary is created by 
passing the line and neutral wires through the center of 
its core. The secondary is usually from 200 to 1500 
turns. 

Magnetic Metals Corporation, Camden, NJ 08101, (609) 
964-7842 and Magnetics, 900 E. Butler Road, P.O. Box 
391, Butler, PA 16003, (412) 282-8282 are full-line 
suppliers of ring cores and transformers designed 
specifically for GFCI and related applications. 



Calculating The Values of Rset and CZ 

Determine the nominal ground fault trip current 
requirement. This will be typically 5 mA in North America 
(1 17V AC) and 22 mA in the UK and Europe (220V AC). 

Determine the minimum delay time required to prevent 
nuisance tripping. This will typically be 1 to 2 ms. 

The value of C2 required to provide the desired delay 
time is: 

C2=6xT 

where: 

C2isin nF 

T is the desired delay time in ms. 

The value of Rset to meet the nominal ground fault trip 
current specification is: 

4.6 xN 

Rset = 

IFAULTXCOS180(T/P) 

Where: 

RSET is in k£2 

T is the time delay in ms 

P is the period of the line frequency in ms 

'FAULT is the desired ground fault trip current 

in mA RMS 

N is the number of sense transformer 
secondary turns. 

This formula assumes an ideal sense transformer is 
used. The calculated value of Rset may have to be 
changed up to 30% to when using a non-ideal 
transformer. 
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Low Power Ground Fault Interrupter 



RV4145 



Description 

The RV4145 is a low power controller for AC 
outlet ground fault interrupters. These devices 
detect hazardous grounding conditions, such as 
equipment (connected to opposite phases of the 
AC line) in contact with a pool of water and open 
circuits the line before a harmful or lethal shock 
occurs. 

Contained internally are a 26V zener shunt 
regulator, an op amp, and an SCR driver. With 
the addition of two sense transformers, a bridge 
rectifier, an SCR, a relay, and a few additional 
components, the 4145 will detect and protect 
against both hot wire to ground and neutral wire 
to ground faults. The simple layout and conven- 
tional design ensure ease of application and long 
term reliability. 



Features 

♦ No potentiometer required 

♦ Direct interface to SCR 

♦ Supply voltage derived from AC line — 
26V shunt 

♦ Adjustable sensitivity 

♦ Grounded neutral fault detection 

♦ Meets U.L 943 standards 

♦ 450 uA quiescent current 

♦ Ideal for 1 20V or 220V systems 



For More Information, call 1-800-722-7074. 



Raytheon Semiconductor 



3-835 



RV4145 

Absolute Maximum Ratings 



Supply Current 18 mA 

Internal Power Dissipation 500 mW 

Storage Temperature 

Range -65°C to +150°C 

Operating Temperature 

Range -35°C to +85°C 

Lead Soldering Temperature 

(60 Sec, DIP) +300°C 

(10 Sec, SOIC) ..+260°C 



Thermal Characteristics 





8-Lead 
Plastic 
SOIC 


8-Lead 
Plastic 
DIP 


Max. Junction Temp. 


+125°C 


+125°C 


Max. P D T A <50°C 


300 mW 


468 mW 


Therm. Res 9^ 






Therm. Res. 9^ 


240°C/W 


160°C/W 



For T A >50°C Derate at 4.1 mW/°C 6.25 mW/°C 



Connection Information 



8-Lead Plastic 
Dual In-Llne SO-8 

(Top View) 



EE P 

n. 



3 

u 
n 



8-Lead Plastic 
Dual In-Llne Package 

(Top View) 



E 
E 
E 
E 



3 
3 
3 
3 



Pin Function 

1 V FB 

2 +lnput 

3 Vref(+13V) 

4 GND 
SCR Trigger 



6 +Vs (+26V) 

7 Op Amp Output 

8 NC 



Ordering Information 







Operating 


Part Number 


Package 


Temperature 






Range 


RV4145N 


N 


-35°Cto+85°C 


RV4145M 


M 


-35°C to +85°G 



Notes: 

N - 8-lead plastic DIP 
M - 8-lead plastic SOIC 
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Electrical Characteristics 

(l s =1.5 mA and T A = +25°C) 



Parameters 


Test Conditions 


MIn 


Typ 


Max 


Units 


Shunt Regulator 
zener voltage (+v s ) 


Pin D to Pin 4 


£0 


oc 




V 


Ppfprpripp X/nltanP (\/ \ 

ilGIGIGIlVsC? V UlldyC ^ V pgp^ 


Pin *3 to Pin A 

1 III O \\J 1 III *T 


12 5 

1 Cm*J 


13 


14 6 


v 


Quiescent Current (y 


+V S = 24V 




450 


750 


HA 


Onprational Amnlifipr 

v^CI ClllV/l ICll r%l 1 IjJIIIIGI 

Offept Voltaop 


Pin 2 to Pin 3 

1 II 1 £. WJ 1 III U 


-3 0 


0.5 


+3.0 


mV 


j-Oiitniit Vnltanp Swinn 


Pin 7 to Pin 3 

i hi i ivs i hi u 


6.8 


7.2 


8.1 


V 


-Output Voltaae Swina 


Pin 7 to Pin 3 


-9.5 


-11.2 


-13.5 


V 


+OutDut Source Current 

TvVl|i/yi vvwivv vyiiviii 


Pin 7 to Pin 3 

1 III f IV 1 III V 




650 




uA 

JAO 


-Output Sink Current 


Pin 7 to Pin 3 




1.0 




mA 


Gain Bandwidth Product 


F = 50 kHz 


1.0 


1.8 




MHz 


Detector Reference Voltage 


Pin 7 to Pin 3 


6.8 


7.2 


8.1 


±V 


Resistors 
R1 


l s = 0 mA 
Pin 1 to Pin 3 




10 




kn 


R2 


Pin 2 to Pin 3 




10 




kft 


R3 


Pin 5 to Pin 4 


4.0 


4.7 


5.4 


kft 


SCR Trigger Voltage 
Detector On 


Pin 5 to Pin 4 


1.5 


2.8 




V 


Detector Off 




0 


1 


10 


mV 


Electrical Characteristics 

(l s = 1 .5 mA and -35°C < T A < +85°C) 


Parameters 


Test Conditions 


Min 


Typ 


Max 


Units 


Shunt Regulator 
Zener Voltage (+V S ) 


Pin 6 to Pin 4 


24 


26 


30 


V 


Reference Voltage (V RFF ) 


Pin 3 to Pin 4 


12 


13 


15 


V 


Quiescent Current (IJ 


+V S = 23V 




500 




MA 


Operational Amplifier 
Offset Voltage 


Pin 2 to Pin 3 


-5.0 


0.5 


+5.0 


mV 


+Output Voltage Swing 


Pin 7 to Pin 3 


6.5 


7.2 


8.3 


V 


-Output Voltage Swing 


Pin 7 to Pin 3 


-9 


-11.2 


-14 


V 


Gain Bandwidth Product 


F = 50 kHz 




1.8 




MHz 


Detector Reference Voltage 


Pin 7 to Pin 3 


6.5 


7.2 


8.3 


±V 


Resistors 
R1 


l s = 0 mA 
Pin 1 to Pin 3 




10 




ka 


R2 


Pin 2 to Pin 3 




10 




kn 


R3 


Pin 5 to Pin 4 


3.8 


4.7 


5.6 


kft 


SCR Trigger Voltage 
Detector On 


Pin 5 to Pin 4 


1.3 


2.8 




V 


Detector Off 




0 


3 


50 


mV 
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Functional Block Diagram 



*FB 



+lnput 



REF 

(+13V) 



Ground 



RV4145 



R1 
_1 10K 

JR2 
10K 



8 NC 



V 



a 



6.5V 6.5V 



6.5V 



6.5V 



AW 

J- R3 
- 4.7K 



^ — 



Op Amp 
Output 



+V S 
(+26V) 



SCR 
Trigger 
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Principles of Operation 

The 26V shunt regulator voltage generated by the string 
of zener diodes is divided into three reference voltages: 3/ 
4 Vs, 1/2 Vs, and 1/4 Vs. Vref is at 1/2 Vs and is used 
as a reference to create an artificial ground of +13V at the 
op amp non-inverting input. 

Figure 1 shows a three-wire 120V AC outlet GFI 
application using a 4145. Fault signals from the sense 
transformer are AC coupled into the input and are 
amplified according to the following equation: 

V7 = RSENSE x ISENSE/N 

Where V7 is the RMS voltage at pin 7 relative to pin 3, 
RSENSE is the value of the feedback resistor connected 
from pin 7 to pin 1 , IsENSE is the fault current in amps 
RMS and N is the turns ratio of the sense transformer. 
When V7 exceeds plus or minus 7.2V relative to pin 3 the 
SCR Trigger output will go high and fire the external SCR. 

The formula for V7 is approximate because it does not 
include the sense transformer characteristics. 

Grounded neutral fault detection is accomplished when a 
short or fault closes a magnetic path between the sense 
transformer and the grounded neutral transformer. The 
resultant AC coupling closes a positive feedback path 
around the op amp, and therefore the op amp oscillates. 
When the peaks of the oscillation voltage exceed the 
SCR trigger comparator thresholds, the SCR output will 
go high. 

Shunt Regulator 

Rune lirnits the current into the shunt regulator; 220V 
applications will require substituting a 47 k£22W resistor. 
In addition to supplying power to the IC, the shunt 
regulator creates internal reference voltages (see above). 

Operational Amplifier 

RSENSE is a feedback resistor that sets gain and 
therefore sensitivity to normal faults. To adjust Rsense 
follow this procedure: apply the desired fault current (a 
difference in current of 5 mA is the UL 943 standard). 
Adjust RsENSE upward until the SCR activates. A fixed 
resistor can be used for Rsense. since the resultant 
±15% variation in sensitivity will meet UL's 4-6 mA 
specification window. 

The roll-off frequency is greater than the grounded neutral 
fault oscillation frequency, in order to preserve loop gain 
for oscillation (which is determined by the inductance of 
the 200:1 transformer and C4). 



RV414S 

The sensitivity to grounded neutral faults is adjusted by 
changing the frequency of oscillation. Increasing the 
frequency reduces the sensitivity by reducing the loop 
gain of the positive feedback circuit. As frequency 
increases, the signal becomes attenuated and the loop 
gain decreases. With the values shown the circuit will 
detect a grounded neutral fault having resistance of 2Q 
or less. 

The inputs to the op amp are protected from overvoltage 
by back-to-back diodes. 

SCR Driver 

The SCR used must have a high dV/dt rating to ensure 
that line noise (generated by noisy appliances such as a 
drill motor) does not falsely trigger the SCR. Also, the 
SCR must have a gate drive requirement of less than 
200 mA. Cf is a noise filter capacitor that prevents 
narrow pulses from firing the SCR. 

The relay solenoid used should have a 3 ms or less 
response time in order to meet the UL 943 timing 
requirement. 

Sense Transformers and Cores 

The sense and grounded neutral transformer cores are 
usually fabricated using high permeability laminated 
steel rings. Their single turn primary is created by 
passing the line and neutral wires through the center of 
its core. The secondary is usually from 200 to 1500 
turns. 

Magnetic Metals Corporation, Camden, NJ 08101, (609) 
964-7842 and Magnetics, 900 E. Butler Road, P.O. Box 
391, Butler, PA 16003, (412) 282-8282 are full line 
suppliers of ring cores and transformers designed 
specifically for GFI applications. 

Two-Wire Application Circuit 

Figure 2 shows the diagram of a 2-wire 120V AC outlet 
GFI circuit using a 4145. This circuit is not designed to 
detect grounded neutral faults. Thus, the grounded 
neutral transformer and capacitors C3 and C4 of Figure 
1 are not used. 
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LM1851 

Ground Fault Interrupter 

Description 

The LM1851 is a controller for AC outlet ground fault 
interrupters. These devices detect hazardous grounding 
conditions (example: a pool of water and electrical 
equipment connected to opposite phases of the AC line) 
in consumer and industrial environments. The output of 
the IC triggers an external SCR, which in turn opens a 
relay circuit breaker to prevent a harmful or lethal shock. 

Full advantage of the U.S. UL943 timing specification is 
taken to ensure maximum immunity to false triggering 
due to line noise. A special feature is found in circuitry 
that rapidly resets the integrating timing capacitor in the 
event that noise pulses introduce unwanted charging 
currents. Also, flip-flop is included that ensures firing of 
even a slow circuit breaker relay on either half- cycle of 
the line voltage when external full wave rectification is 
used. 

The application circuit can be configured to detect both 
normal faults (hotwire to ground) and grounded neutral 
faults. 



Features 

♦ No potentiometer required 

♦ Direct interface to SCR 

♦ Supply voltage derived from AC line — 26V shunt 

♦ Adjustable sensitivity 

♦ Grounded neutral fault detection 

♦ Meets UL943 standards 

♦ 450 nA quiescent current 

♦ Ideal for 1 20V or 220V systems 
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Absolute Maximum Ratings 

Supply Current 19 mA 

Power Dissipation 570 mW 

Operating Temperature 

Range -40°C to +70°C 

Operating Temperature 

Range -65°C to +150°C 

Lead Soldering Temperature 

(SO-8, 10 sec).... +260°C 

Lead Soldering Temperature 

(DIP, 60 sec) +300°C 



Thermal Characteristics 





8-Lead 

Plastic 
niD 


8-Lead 
Small 
uuuine 


Max. Junction Temp. 


+125°C 


+125°C 


Max. P D T A <50°C 


468 mW 


300 mW 


Therm. Res 0 X 






Therm. Res. 0 JA 


160°C/W 


240°C/W 


ForT A >50°C 


6.25 mW/ 


4.17 mW/ 


Derate at 


°C 


°C 



Ordering Information 







Operating 


Part Number 


Package 


Temperature 






Range 


LM1851N 


N 


-40°C to +70°C 


RV4145M 


M 


-40°CtO+70°C 



Notes: 

N - 8-lead plastic DIP 
M = 8-lead plastic SOIC 



Connection Information 



8-Lead 
Dual In-Llne Package 

(Top View) 



E 



E 



U 
3 
1] 
U 



Pin Function 



SCR Trigger 
- Input 
+ input 
Ground 
Amp Out 



6 Rset 

7 C T 

8 +V S 



8-Lead Plastic 
Dual In-LIne SO-8 

(Top View) 



d 
H 
II 



H 
3 
U 
H 
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Definition of Terms 



Normal Fault: An unintentional electrical path, Rb, 
between the load terminal of the hot line and the ground, 
as shown by the dashed lines. 



Normal Fault Plus Grounded Neutral Fault: The 

combination of the normal fault and the grounded 
neutral fault, as shown by the dashed lines. 



Line - 




Neutral 



m 



Line 



Hot 



Neutral 





Hot 


GFI 


Rloadj 




NeutralT 
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Grounded Neutral Fault: An unintentional electrical 
path between the load terminal of the neutral line and 
the ground, as shown by the dashed lines. 



Line - 



Neutral 




m 
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Functional Block Diagram 



Triming 
+V 8 Capacitor 

9 9 

8 7 



Sensitivity 
Set Resistor 
O 

6 



Sense Amplifier 
Output 
o 

5 



™ 31th for l F -0 




T" 

Ground 



6 
SRC 
Trigger 



6 

Inverting 
Input 



6 

Non-Inverting 
Input 
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DC Electrical Characteristics 

(T A = +25°C, ls„ UNT = 5m A) 



Parameters 


Test Conditions 


Min 


Typ 


Max 


Units 


Power Supply Shunt 
Regulator Voltage 


Pin 8, Average Value 


22 


26 


30 


V 


Latch Trigger Voltage 


Pin 7 


15 


17.5 


20 


V 


Sensitivity Set Voltage 


Pin 8 to Pin 6 


6 


7 


8.2 


V 


Output Drive Current 


Pin 1 With Fault 


0.5 


1 


2.4 


mA 


Output Saturation Voltage 


Pin 1 Without Fault 




100 


240 


mV 


Output Saturation Resistance 


Pin 1 Without Fault 




100 




ft 


Output External Current 
Sinking Capability 


Pin 1 Without Fault, 
V PIN1 Held to 0.3V 3 


2 


5 




mA 


Noise Integration Sink 
Sink Current Ratio 


Pin 7, Ratio of Discharge 
Currents Between No Fault 
Fault and Fault Conditions 


2.0 


2.8 


3.6 


\iA/\iA 


AC Electrical Characteristics 

(T A = +25°C,l SHUNT = 5mA) 




Parameters 


Conditions 


Min 


Typ 


Max 


Units 


Normal Fault Current Sensitivity 


See Figure 1 2 


3 


5 


7 


mA 


Normal Fault Trip Time 


500Q Fault (see Fig. 2) , 




18 




mS 


Normal Fault With Grounded 


50012 Normal Fault, 




18 




mS 


Neutral Fault Trip Time 


2Q Neutral (see Fig. 2) 1 











Notes: 

1. Average of 10 trials. 

2. Required UL sensitivity tolerance is such that external trimming of LM1851 sensitivity will be necessary. 

3. This externall applied current is in addition to the internal "output drive current" source. 
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Typical Performance Characteristics 

(T A = +25°C) 



Average Trip Time vs. Fault Current 



1000 



100 



2 
s 




0.01 



0.1 1 
Trip Time (Seconds) 



Output Drive Current vs. Output Voltage 



5.1000 
< 



O 100 

£ 

3 10 
S 



I 



Sr 0 

3 

o 











I I 

?31V 












8 I 

mA X- 












-1 












I 4 
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Output Voltage @ Vp, N1 (V) 



Normal Fault Current Threshold vs. 



s 100 

CO 

E 
E 



c 
o 

£ 



3 



10 



100K 



H 










: n TV 

• lp (mis)* x (0.91) 

Sense Transformer 1000:1 
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Figure 1. Normal Fault Sensitivity Test Circuit 



65-3907 



Load | MOV 

o — *- 



Neutral 




Sense 
Coil 



1000:1 



LM1851 



Timing 
Cap 



SCR 


+ln 


Trigger 




Op Amp 


R SET 


Output 




+v 8 


GND 



0.0033 



tL 10 uF 
Tant 



-VW- 

R SET* 



2jC 



±Z 1.0 uFTant 



Une 
-O 



6 =: 200 pF 



•Adjust 

Rset for desired sensitivity. 

Figure 2. 120 Hz Neutral Transformer Application 



3-848 



Raytheon Semiconductor 



For More Information, call 1-800-722-7074. 



I.M18S1 



Principles of Operation 

(Refer to Functional block Diagram) 

The voltage at the supply pin is clamped to +26V by the 
internal shunt regulator D3. This shunt regulator also 
generates an artificial ground voltage for the 
noninverting input of A1 (shown as a +1 OV source). A1 , 
Q1 , and Q2 act as a current mirror for fault current 
signals (which are derived from an external 
transformer). When a fault signal is present, the 
mirrored current charges the external timing capacitor 
until its voltage exceeds the latch trigger threshold 
(typically 17.5V). When then this threshold is exceeded, 
the latch engages and Q3 turns off, allowing I2 to drive 
the SCR connected to pin 1 . 

Extra Circuitry in the feedback path of A1 works with the 
switched current source h to remove any charge on Cj 
induced by noise in the transformer. If no fault current is 
present, then h discharges Cj with a current equal to 3 
Ijh. where Ijh is the value of current set by the external 
Rset resistor. If fault signals are present at the input of 
A! (which is held at virtual ground, +10V), one of the two 
current mirrors in the feedback path of A1 (04 and Q5) 
will become active, depending on which half-cycle the 
fault occurs in. This action will raise the voltage at V§, 
switching h to a value equal to Ijh, and reducing the 
discharge rate of Cj to better allow fault currents to 
charge it. 

Notice that Ijh discharges Cj during both half-cycles of 
the line, while lp only charges Cj during the half-cycle in 
which lp exits pin 2 (since Q1 will only carry fault current 
in one direction). Thus, during one half-cycle, If-Ijh 
charges Cj, while during the other half-cycle Ith 
discharges it. 

Application Circuit 

A typical ground fault interrupter circuit is shown in 
Figure 2. It is designed to operate on 120 VAC line 
voltage with 5 mA normal fault sensitivity. 

A full-wave rectifier bridge and a 15k/2W resistor are 
used to supply the dc power required by the IC. A 1jaF 
capacitor at pin 8 used to filter the ripple of the supply 
voltage and is also connected across the SCR to allow 
firing of the SCR on either half-cycle. When a fault 
causes the SCR to trigger, the circuit breaker is 
energized and line voltage is removed from the load. 



At this time no fault current flows and the Cj discharge 
current increases from Ijh to 3Ijh (see Block Diagram). 
This quickly resets both the timing capacitor and the 
output latch. The circuit breaker can be reset and the 
line voltage again supplied to the load, assuming the 
fault has been removed. A 1000:1 sense transformer is 
used to detect the normal fault The fault current, which 
is basically the difference current between the got and 
neutral lines, is stepped down by 1000 and fed into the 
input pins of the operational amplifier through a 1 0 \iF 
capacitor. The 0.0033 yF capacitor between pin 2 and 
pin 3 and the 200 pF between pins 3 and 4 are added to 
obtain better noise immunity. The normal fault sensitivity 
is determined by the timing capacitor discharging 
current, Ith* 'th can be calculated by: 



7V 
Rset 



2 



(1) 



At the decision point, the average fault current just 
equals the threshold current, Ith- 



l TH= lF(rms) x 
2 



0.91 



(2) 



Where Ip(rms) is the rms input fault current to the 
operational amplifier and the factor of 2 is due to the fact 
that IF charges the timing capacitor only during one half- 
cycle, while ITH discharges the capacitor continuously. 
The factor 0.91 converts the rms value to an average 
value. Combining equations (1) and (2) we have: 



RSEP 



7V 



If (rms) x 0.91 



(3) 



For example, to obtain 5 mA(rms) sensitivity for the 
circuit in Figure 2 we have: 



Rset = 



7V 



5 mA x 0.91 



1000 



:1.5MQ (4) 
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The correct value for RSET can also be determined 
from the characteristic curve that plots equation (3). 
Note that this is an approximate calculation; the exact 
value of RSET depends on the specific sense 
transformer used and LM1851 tolerances. Inasmuch as 
UL943 specifies a sensitivity "window" of 4 mA to 6mA, 
provision should be made to adjust Rset with a 
potentiometer. 

Independent of setting sensitivity, the desired integration 
time can be obtained through proper selection of the 
timing capacitor, Cj. Due to the large number of 
variables involved, proper selection of Cj is best done 
empirically. The following design example should only 
be used as a guideline. 

Assume the goal is to meet UL943 timing requirements. 
Also assume that worst case timing occurs during GFI 
start-up (S1 closure) with both a heavy normal fault and 
a 2Q grounded neutral fault present. This situation is 
shown diagrammatically below. 



3- 
I — or 0—\ 

I Hot 
Line© 



Neutral 



GFI 



Hot 



Neutral 



Rn 



(0.8)1 f > 0 - 4 f 500 
I' 



-vw — 

500 (O' 2 )' 



• Subtract 4 ms time required to open a sluggish 
circuit breaker. 

• This gives a total £ 10 ms maximum integration time 
that could be allowed. 

• To generate 8 ms value of integration time that 
accommodates component tolerances and other 
variables: 



1xT 
V 



(5) 



where T = integration time 
V = threshold voltage 
I = average fault current into Cj 



^120V A c(rms) j ^_ 



RN 



heavy fault 
current generated 
(swamps Ijh) 



1 turn 



1000 turns 



-Hi) 



RG + RN 



portion of 
fault current 

shunted 
around GFI 

x (0.91) (6) 
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UL943 specifies < 25 ms average trip time under these therefore: 

conditions. Calculation of CT based upon charging r/ 120 \ / 0.4 \ / 1 \ /1 \ l 

currents due to normal fault only is as follows: C T = II 500 J x (i.6 + o.4) x (lOOo) x \2 J x (°- 91 )]x 0.008 

• Start with a < 25 ms specification. Subtract 3 ms ~~ ^ 

GFI turn-on time (15k and 1 pF). Subtract 8 ms 

potential loss of one half-cycle due to fault current CT = 0 01 uF (7) 

sense of half-cycles only. ~ ' 
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In practice, the actual value of Cj will have to be 
modified to include the effects of the neutral loop upon 
the net charging current. The effect of neutral loop 
induced currents is difficult to quantize, but typically they 
sum with normal fault currents, thus allowing a larger 
value of Cj. 

For UL943 requirements, 0.015 nF has been found to 
be the best compromise between timing and noise. 

For those GFI standards not requiring grounded neutral 
detection, a still larger value capacitor can be used and 
better noise immunity obtained. 



The larger capacitor can be accommodated because Rn 
and Rq are not present, allowing the full fault current, I, 
to enter the GFI. 

In Figure 2, grounded neutral detection is accomplished 
by feeding the neutral coil with 120 Hz energy 
continuously and allowing some of the energy to couple 
into the sense transformer during conditions of neutral 
fault. 

Transformers may be obtained from Magnetic Metals, 
Inc., 21st Street and Hayes Street, Camden, NJ 08101 
-(609)964-7842. 
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Schematic Diagram 
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RM2207 



RM2207 

Voltage Controlled Oscillator 



Description 

The RM2207 is a monolithic voltage-controlled oscillator 
(VCO) integrated circuit featuring excellent frequency 
stability and a wide tuning range. The circuit provides 
simultaneous triangle and squarewave outputs over a 
frequency range of 0.01 Hz to 1 MHz. It is ideally suited 
for FM, FSK and sweep or tone generation as well as 
for phase-locked loop applications. 

As shown in the Block Diagram, the circuit is comprised 
of four functional blocks: a variable-frequency oscillator 
which generates the basic periodic waveforms; four 
current switches actuated by binary keying inputs; and 
buffer amplifiers for both the triangle and squarewave 
outputs. The internal switches transfer the oscillator 
current to any of four external timing resistors to 
produce four discrete frequencies which are selected 
according to the binary logic levels at the keying 
terminals (pins 8 and 9). 

The RM2207 has a typical drift specification of 20 ppm/ 
°C. The oscillator frequency can be linearly swept over a 
1000:1 range with an external control voltage; and the 
duty cycle of both the triangle and the squarewave 
outputs can be varied from 0.1% to 99.9% to generate 
stable pulse and sawtooth waveforms. 



Features 

♦ Excellent temperature stability — 20 ppm/°C 

♦ Linear frequency sweep 

♦ Adjustable duty cycle — 0.1 % to 99.9% 

♦ Two or four level FSK capability 

♦ Wide sweep range — 1 000:1 min. 

♦ Logic compatible input and output levels 

♦ Wide supply voltage range — ±4V to ±1 3 V 

♦ Low supply sensitivity ± 0.1 5%/V 

♦ Wide frequency range — 0.01 Hz to 1 MHz 

♦ Simultaneous triangle and squarewave outputs 

Applications 

♦ FSK generation 

♦ Voltage and current-to-frequency conversion 

♦ Stable phase-locked loop 

♦ Waveform generation triangle, sawtooth, pulse, 
squarewave 

♦ FM and sweep generation 



For More Information, call 1-800-722-7074. 
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Absolute Maximum Ratings 

Supply Voltage +26V 

Storage Temperture Range -65°C to +150°C 

Operating Temperature Range -55°C to +125°C 

Lead Soldering Temperature +300°C 

(60 sec) 



Thermal Characteristics 





14- Lead 




Ceramic DIP 


Max. Junction Temp. 


+175°C 


Max. P d Ta<50°C 


1042 mW 


Therm. Res 8jc 


60°C/W 


Therm. Res. 8ja 


120°C/W 



For Ta>50°C Derate at 8.33mW/°C 



Ordering Information 







Operating 






Temperature 


Part Number 


Package 


Range 


RM2207D 


D 


-55°Cto+125°C 


RM2207D/883B 


D 


-55°Cto+125°C 



Notes: 

/883B suffix denotes MIL-STD-883, Level B processing 
D - 14-Lead Ceramic DIP 



Connection Information 
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■ R3 

Lr4[Z3 
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■■ 1 


r-|Aj> 
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| Output 

I Squarewave 
1 Output 



I- Keying 
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Electrical Characteristics 

(Test Circuit of Figure 1 , Vs = ±6V, Ta - +25°C, C - 5000 pF, R1 - R2 » R3 » R4 » 20 kQ Rl - 4.7 kQ binary inputs grounded, S1 
and S2 closed unless otherwise specified) 



Parameters 


Test Conditions 


MIn 


Typ 


Max 


Units 


General Characteristics 


Supply Voltage 
Single Supply 


See Typical Performance 
Characteristics 


+8.0 


+12 


+26 


V 


Split Supplies 




±4 


±6 


±13 


V 


Supply Current 


Measured at pin 1 , 










Single Supply 


S1 open (See Fig. 2) 




5.0 


7.0 


mA 


Split Supplies 


Measured at pin 1, 










Positive 


S1 open (See Fig. 1) 




5.0 


7.0 


mA 


Negative 


Measured at pin 12, 
S1.S2 open 




4.0 


6.0 


mA 


Binary Keying Inputs 


Switching Threshold 


Measured at pins 8 and 9. 
Refer to pin 10. 


1.4 


2.2 


2.8 


V 


Input Resistance 






5.0 




kfl 


Oscillator Section — Frequency Characteristics 


Upper Frequency Limit 


C = 500 pF, R3 = 2 kQ 


0.5 


1.0 




MHz 


Lower Practical Frequency 


C = 50 \iF, R3 = 2kn 




0.01 




Hz 


Frequency Accuracy 






±1.0 


±3.0 


% of f o 


Frequency Matching 






0.5 




% of f 0 


Frequency Stability 
vs. Temperature (Note 1) 


0°C<Ta<+75°C 




20 


50 


ppm/°C 


vs. Supply Voltage 






0.15 




%/V 


Sweep Range 


R3 = 1.5 kQforfH 
R3 = 2MQforfL 


1000:1 


3000:1 




Wl 


Sweep Linearity 
10:1 Sweep 


C = 5000 pF 

fH = 10kHz,f|_ = 1 kHz 




1.0 


2.0 


% 


1000:1 Sweep 


fH = 100 kHz, f|_ = 100 Hz 




5.0 




% 


FM Distortion 


±10% FM Deviation 




0.1 




% 


Recommended Range of 


See Characteristic 


1.5 




2000 


kn 


Timing Resistors 


Curves 










Impedance at Timing Pins 


Measured at pins 4, 5, 6, or 7 




75 






DC Level at Timing Terminals 






10 




mV 


Output Characteristics 


Triangle Output 


Measured at pin 14 










Amplitude 




4 


6 




Vp.p 


Impedance 






10 




ft 


DC Level 


Referenced to pin 10 




+100 




mV 


Linearity 


from 1 0% to 90% of swing 




0.1 




% 


Squarewave Output 


Measured at pin 13, 










Amplitude 


S2 Closed 


11 


12 




Vp. P 


Saturation Voltage 


Referenced to pin 12 




0.2 


0.4 


V 


Rise Time 


CL<10pF 




200 




ns 


Fall Time 


O_<10pF 




20 




ns 



Note: 1. Guaranteed by design. 
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Typical Performance Characteristics 



Typical Operating Range for Split Supply Voltage Frequency Accuracy vs. Timing Resistance 





Pulse and Sawtooth Outputs 



Normalized Frequency Drift vs. Temperature 





-75 -50 -25 



*Rj * Parallel combination of activated timing resistors 



0 +25 +50 +75 +100 +125 
Temperature (°C) 
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Description of Circuit Controls 

Timing Capacitor (pins 2 and 3) 
The oscillator frequency is inversely proportional to the 
timing capacitor, C. The minimum capacitance value is 
limited by stray capacitances and the maximum value by 
physical size and leakage current considerations. 
Recommended values range from 100 pF to 100 |iF. 
The capacitor should be non-polarized. 

Timing Resistors (pins 4, 5, 6 and 7) 
The timing resistors determine the total timing current, 
lj, available to charge the timing capacitor. Values for 
timing resistors can range from 1 .5 k£fc to 2 UiQ; 
however, for optimum temperature and power supply 
stability, recommended values are 4 kQ to 200 k£l To 
avoid parasitic pick up, timing resistor leads should be 
kept as short as possible. For noise environments, 
unused or deactivated timing terminals should be 
bypassed to ground through 0.1 nF capacitors. 
Otherwise, they may be left open. 

Supply Voltage (pins 1 and 12) 
The RM2207 is designed to operate over a power 
supply range of ±4V to ±13V for split supplies, or 8V to 
26V for single supplies. At high supply voltages, the 
frequency sweep range is reduced. Performance is 
optimum for ±6V, or 12V single supply operation. 

Binary Keying Inputs (pins 8 and 9) 
The internal impedance at these pins is approximately 5 
k£l. Keying levels are <1.4V for "zero" and > 3V for 
"one" logic levels referenced to the DC voltage at pin 10. 

Bias for Single Supply (pin 11) 
For single supply operations, pin 1 1 should be externally 
biased to a potential between +Vs/3 and +Vs/2 (see 
Figure 2). The bias current at pin 1 1 is nominally 5% of 
the total oscillation timing current \j. 

Ground (pin 10) 

For split supply operation, this pin serves as circuit 
ground. For single supply operation, pin 1 0 should be 
AC grounded through a 1 jxF bypass capacitor. During 
split supply operation, a ground current of 2 lj flows out 
of this terminal, where \j is the total timing current. 

Squarewave Output (pin 13) 
The squarewave output at pin 13 is an "open-collector" 
stage capable of sinking up to 20 mA of load current. Rl 
serves as a pull-up load resistor for this output. 
Recommended values for Rl range from 1 k£2to 10 k£l 



Trlanglewave Output (pin 14) 
The output at pin 14 is a trianglewave with a peak swing of 
approximately one-half of the total supply voltage. Pin 14 
has a very low output impedance of 10fl and is internally 
protected against short circuits. 

Note: Triangle waveform linearity is sensitive to parasitic coupling 
between the square and the trianglewave outputs (pins 13 and 
14). In board layout or circuit wiring, care should be taken to 
minimize stray wiring capacitance between these pins. 



Operating Instructions 
Precautions 

The following precautions should be observed when 
operating the RM2207 family of integrated circuits: 

1 . Pulling excessive current from the timing terminals will 
adversely affect the temperature stability of the circuit. 
To minimize this disturbance, it is recommended that 
the total current drawn from pins 4, 5, 6 and 7 be 
limited to <6 mA. In addition, permanent damage to 
the device may occur if the total timing current 
exceeds 10 mA. 

2. Terminals 2, 3, 4, 5, 6 and 7 have very low internal 
impedance and should, therefore, be protected from 
accidental shorting to ground or the supply voltages. 

3. The keying logic pulse amplitude should not exceed 
the supply voltage. 

Split Supply Operation 

Figure 1 is the recommended circuit connection for split 
supply operation. The frequency of operation is determined 
by the timing capacitor, C, and the activated timing 
resistors (R1 through R4). The timing resistors are 
activated by the logic signals at the binary keying inputs 
(pins 8 and 9), as shown in Table 1 . If a single timing 
resistor activated, the frequency is 1 /RC. 



Table 1. Logic Table for Binary Keying Controls 



Logic 
Level 


Selected 
Timing 
Pins 


Frequency 


Definitions 


8 


9 


0 


6 


fl 


fl = 1/R3C, 


tfl = 1/R4C 


0 


1 


6&7 


fl+Afi 


f2 = 1/R2C,Af 2 = 1/R1C 


1 


0 


5 


f2 


Logic levels: 0 = Ground 


14 


&5 


f2 + fA2 


Logic levels: 


1 =>3V 



Note: For single supply operation, logic levels are referenced to 
voltage at pin 10. 
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0.1 mF 



Squarewave 
° Output 




JjLq Trianglewave 
Output 



Note: This circuit is for Bench Tests only. DC testing is normally performed 
with automated test equipment using an equivalent circuit. 

Figure 1 . Test Circuit for Split Supply Operation 



Otherwise, the frequency is either 1/(R1| |R2)C or 
1/(R1||R4)C. 

The squarewave output is obtained at pin 13 and has a 
peak-to-peak voltage swing equal to the supply voltages. 
This output is an "open-collector- type and requires an 
external pull-up load resistor (nominally 5 kfl} to the 
positive supply. The triangle waveform obtained at pin 14 
is centered about ground and has a peak amplitude of 
+Vs/2. 

The circuit operates with supply voltages ranging from 
±4V to ±13V. Minimum drift occurs with ±6V supplies. 

Single Supply Operation 

The circuit should be interconnected as shown in Figure 
2 for single supply operation. Pin 12 should be 
grounded, and pin 1 1 biased from +Vs through a 
resistive divider to a value of bias voltage between +V$/3 
and +Vs/2. Pin 10 is bypassed to ground through a 0.1 
|iF capacitor. 

For single supply operation, the DC voltage at pin 10 and 
the timing terminals (pins 4 through 7) are equal and 
approximately 0.6V above Vb, the bias voltage at pin 1 1 . 
The logic levels at the binary keying terminals are 
referenced to the voltage at pin 1 0. 

On-Off Keying 

The RM2207 can be keyed on and off by simply 
activating an open circuited timing pin. Under certain 
conditions, the circuit may exhibit very low frequency 



(<1 Hz) residual oscillation in the "off" state due to internal 
bias current. If this effect is undesirable, it can be 
eliminated by connecting a 1 0 Mft resistor from pin 
3to+Vs. 

Frequency Control (Sweep and FM) 
The frequency of operation is controlled by varying the 
total timing current, It, drawn from the activated timing 
pins 4, 5, 6 or 7. The timing current can be modulated by 
applying a control voltage, Vc, to the activated timing pin 
through a series resistor Rq as shown in Figure 3. 

For split supply operation, a negative control voltage, Vc, 
applied to the circuit of Figure 3 causes the total timing 
current, It, and the frequency, to increase. 

As an example, in the circuit of Figure 3, the binary keying 
inputs are grounded. Therefore, only timing pin 6 is 
activated. 

The frequency of operation is determined by: 

f- _J_p- VCR3 ]Hz 

R3C B [ (RcX-Vs)J 

Pulse and Sawtooth Operation 

The duty cycle of the output waveforms can be controlled 
by frequency shift keying at the end of every half cycle of 
oscillator output. This is accomplished by connecting one 
or both of the binary keying inputs (pins 8 or 9) to the 
squarewave output at pin 13. The output waveforms can 
then be converted to positive or negative pulses and 
sawtooth waveforms. 
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0.1 uF 

— lhr-° +v s 
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0.1 uF 9 

Hh-o^ 



3.9K 

VWr- 



11 



|l s c 

it 



RM2207 
Device 
Under Test 



o o+V s 



1 3 ^ 1 ^ Squarewave 
— ° Output 



+Vs 



1K 121 61 71 4 




1£q Trianglewave 
Output 



Fgure 2. Test Circuit for Single Supply Operation 



Figure 4 is the recommended circuit connection for duty 
cycle control. Pin 8 is shorted to pin 13 so that the circuit 
switches between the M 0,0 M and the "1 ,0" logic states 
given in Table 1 . Timing pin 5 is activated when the 
output is "high", and pin 6 is activated when the 
squarewave output goes to a "low" state. 

The duty cycle of the output waveforms is given as: 

R2 

Duty Cycle* 

and can be varied from 0.1% to 99.9% by proper choice 
of timing resistors. The frequency of oscillation, f, is 
given as: 

2 



[r2 + R3 ] 



The frequency can be modulated or swept without 
changing the duty cycle by connecting R2 and R3 to a 
common control voltage Vrj instead of to -Vs. The 
sawtooth and the pulse output waveforms are shown in 
the Typical Performance Characteristics Graphs. 




" B 65-0632 

Figure 3. Frequency Sweep Operation 
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Figure 4. Pulse and Sawtooth Generation 
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Schematic Diagram 
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RC2211 

FSK Demodulator/Tone Decoder 



RC22U 



Description 

The RC221 1 is a monolithic phase-locked loop (PLL) 
system especially designed for data communications. It 
is particularly well-suited for FSK modem applications, 
and operates over a wide frequency range of 0.01 Hz to 
300 kHz. It can accommodate analog signals between 2 
mV and 3V, and can interface with conventional DTL, 
TTL and ECL logic families. The circuit consists of a 
basic PLL for tracking an input signal frequency within 
the passband, a quadrature phase detector which 
provides carrier detection, and an FSK voltage 
comparator which provides FSK demodulation. External 
components are used to independently set carrier 
frequency, bandwidth and output delay. 



Features 

♦ Wide frequency range — 0.01 Hz to 300 kHz 

♦ Wide supply voltage range — 4.5V to 20V 

♦ DTL/TTL/ECL logic compatibility 

♦ FSK demodulation with carrier-detector 

♦ Wide dynamic range — 2 mV to 3 Vrms 

♦ Adjustable tracking range — ±1% to i80% 

♦ Excellent temperature stability — 20 ppm/°C typical 

Applications 

♦ FSK demodulation 

♦ Data synchronization 

♦ Tone decoding 

♦ FM detection 

♦ Carrier detection 



Functional Block Diagram 



FSK 
Input 



Preamp 



Detector 

•r- 

Detector 
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1 Output 
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Detector Detector 
Filter Comparator 
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Absolute Maximum Ratings 



Supply Voltage i20V 

Input Signal Level 3 Vrms 

Storage Temperature Range -65°C to +150°C 

Operating Temperature Range 

RM2211D -55°Cto+125°C 

RV2211N -25°Cto+85°C 

RC2211N 0°Cto+7Q°C 



Lead Soldering Temperatuare (60 sec.) +300°C 



Thermal Characteristics 





14-Lead 
Plastic DIP 


14-Lead 
Ceramic DIP 


Max. Junction Temp. 


+125°C 


+175°C 


Max. P d Ta<50°C 


468 mW 


1042 mW 


Therm. Res 9jc 




60°C/W 


Therm. Res. 8ja 


160°C/W 


120°C/W 



For T A >50°C Derate at 6.5 mW/°C 8.33 mW/°C 



Connection Information 



Input j"^" 



Lock 
Detector 
Filter 



GND 



E 



Lock 
Detector 
Outputs 



FSK 
Data 
Output 



RC2211 



Top View 

"^J 



Preamp 



VCO 



Quad 




Loop 


(^Detector 




<t>- Detector 



Lock 
Detector 
Comparator 



3^ 



Internal 
Reference 



S I — 

e<3 



R-3 
L 3 



FSK Comparator 



-a 

-1 

-ni 



Timing 
Capacitor 

_l 

Timing 
Resistor 

Loop 
^-Detector 
Output 

Reference 
Voltage 
Output 

Reference 
Bypass 

FSK 
Comparator 
Input 
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Ordering Information 



Part Number 


Package 


Operating 
Temperature 
Range 


RC2211N 


N 


0°Cto+70°C 


RV2211N 


N 


-25°Cto+85°C 


RM2211D 


D 


-55°Cto+125°C 


RM2211D/883B 


D 


-55°Cto+125°C 



Notes: 

/883B suffix denotes MIL-STD-883, Level B processing 
N- 14-Lead Plastic DIP 
D - 14-Lead Ceramic DIP 
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Electrical Characteristics 



(Test Conditions +Vs = +12V. Ta «= +25°C, RO » 30 kft CO = 0.033 \iF. See Figure 1 for component designations.) 



Parameters 


Test Conditions 


RV/RM2211 


RC2211 


Units 


Min | Typ | Max 


Min | Typ | Max 


General 




Supply Voltage 2 




4.5 




20 


4.5 




20 


V 


Supply Current 


R0210kft 




4.0 


9.0 




5.0 


11 


mA 


Oscillator 


Frequency Accuracy 


Deviation from f 0 = 1/R0C0 




±1.0 


±3.0 




±1.0 




% 


Frequency Stability 1 
Temperature Coefficient 


R1 =oo 




±20 


±50 




±20 




ppm/°C 


Power Supply Rejection 


+V S = 12±1V 
+V S = 5±0.5V 




0.05 
0.2 


0.5 


0.2 


0.05 


%/V 


%/V 


Upper Frequency Limit 


R0 = 8.2kft, CO - 400 pF 


100 


300 






300 




kHz 


Lowest Practical Operating 
Frequency 1 


R0 = 2MQ, C0 = 50jiF 






0.01 




0.01 




Hz 


Timing Resistor, RO 
Operating Range 




5.0 




2000 


5.0 




2000 


kQ 


Recommended Range 




15 




100 


15 




100 


kft 


Loop Phase Detector 


Peak Output Current 


Measured at pin 11 


±150 


±200 


±300 


±100 


±200 


±300 


MA 


Output Offset Current 






±1.0 






±2.0 




HA 


Output Impedance 






1.0 






1.0 




Ma 


Maximum Swing 


Ref.topinIO 


±4.0 


±5.0 




±4.0 


±5.0 




V 


Quadrature Phase Detector 


Peak Output Current 3 


Measured at pin 3 


100 


150 






150 




HA 


Output Impedance 






1.0 






1.0 




Mft 


Maximum Swing 






11 






11 




Vp. P 


Input Preamp 


Input Impedance 


Measured at pin 2 




20 






20 




kQ 


Input Signal Voltage Required 






2.0 


10 




2.0 




mV RMS 


to Cause Limiting 3 


















Voltage Comparator 


Input Impedance 


Measured at pins 3 & 8 




2.0 






2.0 




MQ 


Input Bias Current 






100 






100 




nA 


Voltage Gain 1 


R L = 5.1 kQ 


55 


70 




55 


70 




dB 


Output Voltage Low 


l c = 3 mA 




300 






300 




mV 


Output Leakage Current 


V 0 = 12V 




0.01 






0.01 




pA 


Internal Reference 


Voltage Level 


Measured at pin 10 


4.9 


5.3 


5.7 


4.75 


5.3 


5.85 


V 


Output Impedance 






100 






100 




a 



Notes: 

1. Guaranteed by design. 

2. Individual applications may need special circuitry to function at <1 2V. 

3. Sample Tested 
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Description of Circuit Controls 

Signal Input (Pin 2) 

The input signal is AC coupled Id this terminal. The 
internal impedance at pi n 2 is 20 k£l Recommended 
input signal level is in the range of 1 0 kiVrms to 3 
VrmS- 

Quadrature Phase Detector Output, Q (Pin 3) 
This is the high impedance output of the quadrature 
phase detector, and is internally connected to the input 
of lock detector voltage comparator. In tone detection 
applications, pin 3 is connected to ground through a 
parallel combination of Rq and Co (see Figure 1) to 
eliminate chatter at the lock detector outputs. If this tone 
detector section is not used, pin 3 can be left open 
circuited. 

Lock Detector Output, Q (Pin 5) 
The output at pin 5 is at a "high" state when the PLL is 
out of lock and goes to a "low" or conducting state when 
the PLL is locked. It is an open collector output and 
requires a pull-up resistor, Rl, to +Vs for proper 
operation. In the "low" state it can sink up to 5 mA of 
load current. 

Lock Detector Complement, Q (Pin 6) 
The output at pin 6 is the logic complement of the lock 
detector output at pin 5. This output is also an open 
collector type stage which can sink 5 mA of load current 
in the low or "on" state. 



FSK Data Output (Pin 7) 

This output is an open collector stage which requires a 
pull-up resistor, Rl, to +Vs for proper operation. It can 
sink 5 mA of load current. When decoding FSK signals 
the FSK data output will switch to a "high" or off state for 
low input frequency, and will switch to a "low" or on state 
for high input frequency. If no input signal is present, the 
logic state at pin 7 is indeterminate. 

FSK Comparator Input (Pin 8) 
This is the high impedance input to the FSK voltage 
comparator. Normally, an FSK post detection or data 
filter is connected between this terminal and the PLL 
phase detector output (pin 11). This data filter is formed 
by Rf and Cf of Figure 1 . The threshold voltage of the 
comparator is set by the internal reference voltage, Vr, 
available at pin 10. 

Reference Bypass (Pin 9) 

This pin can have an optional 0.1 pF capacitor 

connected to the ground. 

Reference Voltage, Vr (Pin 10) 
This pin is internally biased at the reference voltage 
level, Vr; Vr = +Vs/2 - 650 mV. The DC voltage level at 
this pin forms an internal reference for the voltage levels 
at pin 3, 8, 11 and 12. Pin 10 must be bypassed to 
ground with a 0.1 |iF capacitor. 
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Figure 1. Generalized Circuit Connection for FSK and Tone Detection 
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Loop Phase Detector Output (Pin 1 1) 
This terminal provides a high impedance output for the 
loop phase detector. The PLL loop filter is formed by R1 
and C1 connected to pin 11 (see Figure 1). With no 
input signal, or with no phase error within the PLL, the 
DC level at pin 1 1 is very nearly equal to Vr. The peak 
voltage swing available at the phase detector output is 
equal to ±Vr. 

VCO Control Input (Pin 12) 
VCO free running frequency is determined by external 
timing resistor, RO, connected from this terminal to 
ground. The VCO free running frequency, fO is given by: 

f 0 (Hz) = 



R0C0 



where CO is the timing capacitor across pins 13 and 14. 
For optimum temperature stability RO must be in the 
range of 10 kft to 100 kft (see Typical Performance 
Characteristics). 

This terminal is a low impedance point, and is internally 
biased at a DC level equal to Vr. The maximum timing 
current drawn from pin 12 must be limited to £3 mA for 
proper operation of the circuit. 

VCO Timing Capacitor (Pins 13 and 14) 
VCO frequency is inversely proportional to the external 
timing capacitor, CO, connected across these terminals. 
CO must be non-polarized, and in the range of 200 pF to 
10 nF. 

VCO Frequency Adjustment 

VCO can be fine tuned by connecting a potentiometer, 
Rx, in series with R0 at pin 1 2 (see Figure 2). 

VCO Free-Running Frequency, fo 

The RC221 1 does not have a separate VCO output 
terminal. Instead, the VCO outputs are internally 
connected to the phase detector sections of the circuit. 
However, for set-up or adjustment purposes, the VCO 
free-running frequency can be measured at pin 3 (with 
Cd disconnected) with no input and with pin 2 shorted to 
pin 10. 



Design Equations 

See Figure 1 for Definitions of Components. 

1 . VCO Center Frequency, fo: 

1 

F 0 (H*) = ~R0C0 

2. Internal Reference Voltage, Vr (measured at pin 10): 

V R =(-^)-650mV 

3. Loop Lowpass Filter Time Constant, x: 

x = R1C1 



4. Loop Dampening, £ 



5. Loop Tracking Bandwidth, dAf/frj: 
Af/f 0 = R0/R1 



AtfF o = R0/R1 



Tracking 
Bandwidth - 



Fll 



Flh 

65-0664 



6. FSK Data Filter Time Constant, tp 

t F = RfCf 

7. Loop Phase Detector Conversion Gain, K<|> (K<|> is the 
differential DC voltage across pins 10 and 11, per 
unit of phase error at phase-detector input): 

k*i> (in volts per radian) = ( ^iM 

8. VCO Conversion Gain, K0 is the amount of change in 
VCO frequency per unit of DC voltage change at pin 
11: 



K0 (in Hertz per volt) = 



-1 



CORWr 

9. Total Loop Gain, Kt: 

Kt (in radians per second per volt) ■ 2 tcK<|>K0 

= 4/C0R1 

10. Peak Phase Detector Current, Ia: 

l A (mA)= V R 



25 
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Applications 

FSK Decoding 

Figure 2 shows the basic circuit connection for FSK 
decoding. With reference to Figures 1 and 2, the 
functions of external components are defined as follows: 
RO and CO set the PLL center frequency, R1 sets the 
system bandwidth, and C1 sets the loop filter time 
constant and the loop damping factor. Cf and Rf form a 
one pole post-detection filter for the FSK data output. 
The resistor Rb (51 0 kfl) from pin 7 to pin 8 introduces 
positive feedback across FSK comparator to facilitate 
rapid transition between output logic states. 

Recommended component values for some of the most 
commonly used FSK bauds are given in Table. 1 . 



vco 

Fine Tune 




Figure 2. Circuit Connection for FSK Decoding 



Table 1. Recommended Component Values for 
Commonly Used FSK Bands (see Circuit of Figure 2) 



FSK Band 


Component Values 


300 Baud 


CO = 0.039 nF Cf = 0.005 mF 


fl = 1070 Hz 


C1=0.01pF R0 = 18kft 


f 2 = 1270Hz 


R1 =100kQ 


300 Baud 


CO = 0.022 up Cf = 0.005 uP 


f 1 = 2025Hz 


C1 = 0.0047 joF R0 = 18kn 


f 2 = 2225 Hz 


R1 =200kQ 


1200 Baud 


CO = 0.027 uP Cf = 0.0022 uP 


f 1 = =1200Hz 


C1 = 0.01 nF R0 = 18kQ 


f 2 = 2200Hz 


R1 = 30kQ 



Design Instructions 

The circuit of Figure 2 can be tailored for any FSK 
decoding application by the choice of five key circuit 
components: RO, R1 , CO, C1 and Cf. For a given set of 
FSK mark and space frequencies, fi and f& these 
parameters can be calculated as follows: 

1 . Calculate PLL center frequency, fo 



fo 



2. 



3. 



Choose a value of timing resistor R0 to be in the 
range of 10 kftto 100 kQ.. This choice is arbitrary. 
The recommended value is R0 - 20 k£l. The final 
value of R0 ios normally fine-tuned with the series 
potentiometer, Rx. 

Calculate value of CO from Design Equation No. 1 
or from Typical Performance Characteristics: 

C0 = 1/R0f 0 

4. Calculate R1 to give a Af equal to the mark-space 
deviation: 

R1=RO[fo/(f1-f2)] 

5. Calculate C1 to set loop damping. (See Design 
Equation No. 4) 

Normally, £ « 1/2 is recommended 
Then: C1 = C0/4 for C = 1/2 

6. Calculate Data Filter Capacitance, Cp: 

For Rf = 1 00 kft Rb = 51 0 kft the recommended 
value of Cf is: 

c F< in ^=-^W 

Note: All calculated component values except R0 can be 

rounded off to the nearest standard value, and RO can be 
varied to fine-tune center frequency through a series 
potentiometer, Rx (see Figure 2). 

Design Example 

75 Bauk FSK demodulator with mark/space frequencies 
of 1110/1170 Hz: 

Step 1 : Calculate fo: 

f 0 = (11 10 + 1170) (1/2) = 1140 Hz 
Step 2: Choose R0 = 20 kQ (18 kn fixed resistor in 

series with 5 kQ potentiometer) 
Step 3: Calculate CO from VCO Frequency vs. Timing 

Capacitor: C9 = 0.044 jaF 
Step 4: Calculate R1 : R1 = R0 (1 140/60) = 380 kft 
Step 5: Calculate C1:C1 = C0/4 = 0.01 1 nF 

Note: All values except RO can be rounded off to nearest 
standard value. 
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FSK Decoding with Carrier Detector 

The lock detector section of the RC221 1 can be used as 
a carrier detector option for FSK decoding. The 
recommended circuit connection for this application is 
shown in Figure 3. The open-collector lock detector 
output, pin 6, is shorted to the data output (pin 7). Thus, 
the data output will be disabled at "low" state, until there 
is a carrier within the detection band of the PLL, and the 
pin 6 output goes "high" to enable the data output. 

o 



0.1 [lF 

FSK " 0.1 pF 
Inputs 



1 



M70K i 



5.1K 
+V S 0— WVr- 



Data O 
Output <j> 



RC2211 



_C0 
1 



vco 

Fine Tune 



-AA/V- 
51 OK 



OJoTpT 

El + 
MT Rf 

100K 



RO 
■AAAr 

R1 



Rx 
5K 



C1 



1 



Note: Data output is "low" when no carrier is present. 

Figure 3. External Connections for FSK Demodulation with 
Carrier Detector Capability 



The minimum value of the lock detector filter capacitance 
Cp is inversely proportional to the capture range, ±Mq. 
This is the range of incoming frequencies over which the 
loop can acquire bck and is always less than the tracking 
range. It is further limited by C1. For most applications, 
Afc < Af/2. For Rq = 470 kh, the approximate minimum 
value of Cp can be determined by: 

Cd(mH ^ 1 6/capture range in Hz 

With values of Cp that are too small, chatter can be 
observed on the lock detector output as an incoming 
signal frequency approaches the capture bandwidth. 
Excessively large values of Cp will slow the response 
time of the lock detector output. 

Tone Detection 

Figure 4 shows the generalized circuit connection for 
tone detection. The logic outputs, Q and Q at pins 5 and 
6 are normally at "high" and "low" logic states, 
respectively. When a tone is present within the detection 
band of the PLL, the logic state at these outputs 
becomes reversed to the duration of the input tone. Each 



logic output can sink 5 mA of load current. 

Both logic outputs at pins 5 and 6 are open-collector 
type stages, and require external pull-up resistors R|j 
and Rj_2 as shown in Figure 4. 



vco 
Fine Tune 




I Logic r—| 
_ qq Outputs L- 

JL 65-0667 

Figure 4. Circuit Connection for Tone Detection 



With reference to Figures 1 and 4, the function of the 
external circuit components can be explained as follows: 
RO and CO set VCO center frequency, R1 sets the 
detection bandwidth, C1 sets the lowpass-loop filter time 
constant and the loop dampening factor, and Rli andi_ 
Rl_2 are the respective pull-up resistors for the Q and Q 
logic outputs. 

Design Instructions 

The circuit of Figure 4 can be optimized for any tone- 
detection application by the choice of five key circuit 
components: RO, R1, CO, C1 and Cq. For a given input 
tone frequency, fs, these parameters are calculated as 
follows: 

1. Choose RO to be in the range of 15 kft to 100 kn. 
This choice is arbitrary. 

2. Calculate CO to set center frequency, fo equal to fs: 
C0 = 1/R0fs. 

3. Calculate R1 to set bandwidth iAf (see Design 
Equation No. 5): R1 = RO(fo/Af). Note: The total 
detection bandwidth covers the frequency range of 
RC2211RC2211f 0 ±Af. 

4. Calculate value of C1 for a given loop damping 
factor: 

C1=C0/16C2 

Normally £ « 1/2 is optimum for most tone detector 
applications, giving C1 = 0.25 CO. 
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Increasing C1 improves the out-of-band signal 
rejection, but increases the PLL capture time. 

5. Calculate value of filter capacitor Cp. To avoid 
chatter at the logic output, with Rq = 470 kQ, Co 
must be: 

Cd(mF) £ (16/capture range in Hz) 

Increasing Co slows the logic output response time. 

Design Examples 

Tone detector with a detection band of 1 kHz ±20 Hz: 

Step 1 : Choose R0 = 20 kD (18 kn in series with 5 kft 

potentiometer). 
Step 2: Choose CO for fo = 1 kHz: CO = 0.05 nF. 
Step 3: Calculate R1: R1 = (R0) (1000/20) - 1 Ma 
Step 4: Calculate C1 : for C = 1/2, C1 = 0.25 pF, CO = 

0.013 mF. 

Step 5: Calculate Cp: Co = 16/38 = 0.42 nF. 
Step 6: Fine tune the center frequency with the 5 kQ 
potentiometer, Rx. 



Linear FM Detection 

The RC221 1 can be used as a linear FM detector for a 
wide range of analog communications and telemetry 
applications. The recommended circuit connection for 
the application is shown in Figure 5. The demodulated 
output is taken from the loop phase detector output (pin 
1 1 ), through a post detection filter made up of Rf and 
Cp, and an external buffer amplifier. This buffer amplifier 
is necessary because of the high impedance output at 
pin 1 1. Normally, a non-inverting unity gain op amp can 
be used as a buffer amplifier, as shown in Figure 5. 

The FM detector gain, i.e., the output voltage change 
per unit of FM deviation, can be given as: 

Vout = R1 Vr/100 R0 Volts/% deviation 

where Vr is the internal reference voltage. For the 
choice of external components R1, R0, CO, C1 and Cf, 
see the section on Design Instructions. 
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Figure 5. Linear FM Detector Using RC2211 
and an External Op Amp 
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Typical Performance Characteristics 



Supply Current vs. Supply Voltage (Logic Outputs Open Timing Resistor with Timing Capacitor vs. VCO Frequency 

Circuited) 




Timing Capacitor with Timing Resistor vs. VCO Frequency Center Frequency Drift vs. Temperature 




F 0 (Hz) 



VCO Frequency vs. Supply Voltage 
1.02 i 1 . — i — i 1 , 1 — r- 




4 6 8 10 12 14 16 18 20 22 24 



-V S (V) 
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RC4200 

Analog Multiplier 



Description 

The RC4200 analog multiplier has complete 
compensation for nonlinearity, the primary source of 
error and distortion. This multiplier also has three on- 
board operational amplifiers designed specifically for 
use in multiplier logging circuits. These amplifiers are 
frequency compensated for optimum AC response in a 
logging circuit, the heart of a multiplier, and can 
therefore provide superior AC response. 

The RC4200 can be used in a wide variety of 
applications without sacrificing accuracy. Four-quadrant 
multiplication, two-quadrant division, square rooting, 
squaring and RMS conversion can all be easily 
implemented with predictable accuracy. The nonlinearity 
compensation is not just trimmed at a single 
temperature, it is designed to provide compensation 
over the full temperature range. This nonlinearity 
compensation combined with the low gain and offset 
drift inherent in a well-designed monolithic chip provides 
a very high accuracy and a low temperature coefficient. 

The excellent linearity and versatility were achieved 
through circuit design rather than special grading or 
trimming, and therefore, unit cost is very low. 

The RC4200 is ideal for use in low distortion audio 
modulation circuits, voltage-controlled active filters, and 
precision oscillators. 



Features 

♦ High accuracy 
Nonlinearity — 0.1% 
Temperature coefficient — 0.005%/°C 

♦ Multiple functions 

Multiply, divide, square, square root, RMS-to-DC 
conversion, AGC and modulate/demodulate 

♦ Wide bandwidth — 4 MHz 

♦ Signal-to-noise ratio — 94 dB 
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Absolute Maximum Ratings 



Supply Voltagel -22V 

Internal Power Dissipation^ 500 mV 

Input Current -5 mA 

Storage Temperature Range 

RM4200/4200A -65°C to +150°C 

RC4200/4200A -55°C to +125°C 

Operating Temperature Range 

RM4200/4200A -55°C to +125°C 

RC4200/4200A 0°C to +70°G 

Notes: 



1 . For a supply voltage greater than -22V, the absolute maximum 
input voltage is equal to the supply voltage. 

2. Observe package thermal characteristics. 



Ordering Information 







Operating 


Part Number 


Package 


Temperature 






Range 


RC4200N 


N 


0°C to +70°C 


RC4200AN 


N 


0°C to +70°C 


RM4200D 


D 


-55°Cto+125°C 


RM4200AD 


D 


-55°CtO+125°C 


RM4200AD/883B 


D 


-55°CtO+125°C 



Notes: 

/883B suffix denotes MIL-STD-883, Level B processing 
N - 8-lead plastic DIP 
D - 8-lead ceramic DIP 



Connection Information 



E' 
E 
E 
E 



Top View 
_ T=7 — 



3 

3 
3 
3 



Pin 


Function 


1 


l2 


2 


VOS2 


3 


-v s 


4 


I3 (Output) 


5 


U 


6 


GND 


7 


VOS1 


8 


11 



Thermal Characteristics 

(Still air, soldered into PC board) 





8-Lead 


8-Lead 




Plastic 


Ceramic 




DIP 


DIP 


Max. Junction Temp. 


+125°C 


+175°C 


Max. P d Ta<50°C 


468 mW 


833 mW 


Therm. Res. 9jc 




45°C/W 


Therm. Res. 8ja 


160°C/W 


150°C/W 


For Ta>50°C Derate at 


6.25 mW/°C 


8.33 mW/°C 
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Electrical Characteristics 



(Over operating temperature range, V s = -15V unless otherwise noted) 







4200A 


4200 




Parameters 


Test conditions 


Min 


Typ 


Max 


Min 


Typ 


Max 


units 


Total Error as Multiplier 
Untrimmed 

t a fill* nr»iw« 

witn external i rim 
Versus Temperature 
Versus Supply (-9 to -18V) 


Ta ■ +25°C 
Notel 




±0.2 
±0.005 
±0.1 


±2.0 




±0.2 
±0.005 
±0.1 


±3.0 


% 
0/ 

%/°C 
%/v 


Nonlinearity 


50 MA ^1,2,4 ^250 pA, 
1 A = +^0 v (IMOte d) 






±0.1 






±0.3 


0/ 

70 


lll|JUl V/uiiUlU nallyo \\], 12 diiu 14 




1.0 




1000 


1.0 




1000 


11A 


Input Offset Voltage 


| 1 = | 2 = l 4 = 150 
1 a = +toO 






±5.0 






±10 


mV 


Input Bias Current 


H = 12 = 14 = 150 pA 
Ta = +25°C 






300 






500 


nA 


Average Input Offset 
Voltage Drift 


H = l 2 = l4 = 150|iA 






±50 






±100 


HV/°C 


Output Current Range (I3) 


Note 3 


1.0 




1000 


1.0 




1000 


MA 


Frequency Response, -3dB point 
Supply Voltage 




-18 


4.0 
-15 


-9.0 


-18 


4.0 
-15 


-9.0 


MHz 
V 


Supply Current 


| 1 = | 2 = l 4 = 150nA 
T A = +25°C 






4.0 






4.0 


mA 



Notes: 

1 . Refer to Figure 6 for example. 

2. The input circuits tend to become unstable at h , I& U < 50 uA and linearity decreases when h , I2, 14 > 250 uA (eq. @ I1 = I2 = 500 uA, nonlinearity error • 
0.5%). 

3. These specifications apply with output (I3) connected to an op amp summing junction. If desired, the output (I3) at pin (4) can be used to drive a resistive load 
directly. The resistive load should be less than 700Q and must be pulled up to a positive supply such that the voltage on pin (4) stays within a range of 0 to +5V. 



For More information, call 1 -800-722-7074. Raytheon Semiconductor 
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Functional Description 

The RC4200 multiplier is designed to multiply two input 
currents (h and I2) and to divide by a third input current 
(I4). The output is also in the form of a current (I3). A 
simplified circuit diagram is shown in Figure 1 . The 
nominal relationship between the three inputs and the 
output is: 



hfe 



(1) 



The three input currents must be positive and restricted 
to a range of 1 jxA to 1 mA. These currents go into the 
multiplier chip at op amp summing junctions which are 
nominally at zero volts. Therefore, an input voltage can 
be easily converted to an input current by a series 
resistor. Any number of currents may be summed at the 
inputs. Depending on the application, the output current 
can be converted to a voltage by an external op amp or 
used directly. This capability of combining input currents 
and voltages in various combinations provides great 
versatility in application. 

Inside the multiplier chip, the three op amps make the 
collector currents of transistors Q1 , Q2 and Q4 equal to 
their respective input currents (h , I2, and I4). These op 
amps are designed with current-source outputs and are 
phase-compensated for optimum frequency response 



as a multiplier. Power drain of the op amps was 
minimized to prevent the introduction of undesired 
thermal gradients on the chip. The three op amps 
operate on a single supply voltage (nominally -15V) and 
total quiescent current drain is less than 4 mA. These 
special op amps provide significantly improved 
performance in comparison to 741 -type op amps. 

The actual multiplication is done within the log-antilog 
configuration of the Q1-Q4 transistor array. These four 
transistors, with associated proprietary circuitry, were 
specially designed to precisely implement the 
relationship 



Vben = 



kT Icn 
Q ISN 



(2) 



Previous multiplier designs have suffered from an 
additional undesired linear term in the above equation; 
the collector current times the emitter resistance. The 
ItfE term introduces a parabolic nonlinearity even with 
matched transistors. Raytheon has developed a unique 
and proprietary means of inherently compensating for 
this undesired ItfE term. Furthermore, this Raytheon- 
developed circuit technique compensates linearity error 
over temperature changes. The nonlinearity versus 
temperature is significantly improved over earlier 
designs. 

From equation (2) and by assuming equal transistor 
junction temperatures, summing base-to-emitter voltage 
drops around the transistor array yields: 



q L 'si 



lnJ2-ln-!3-ln- 
'S2 'S3 



tM-0 (3) 
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E- 
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E- 
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-3 
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14 
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Figure 1. Functional Diagram 



This equation reduces to: 



H'2 = >SliS2 
I3U «S3'S4 



(4) 



The ratio of reverse saturation currents, lsi'S2/'S3'S4. 
depends on the transistor matching. In a monolithic 
multiplier this matching is easily achieved and the ratio 
is very close to unity, typically 1 .0 ±1%. The final result 
is the desired relationship: 



l3" 



h \ 2 



(5) 



The inherent linearity and gain stability combined with 
low cost and versatility makes this new circuit ideal for a 
wide range of nonlinear functions. 
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Basic Circuits 
Current Multiplier/Divider 

The basic design criteria for ail circuit configurations 
using the 4200 multiplier is contained in equation (1): 

i.e., 13= — — 

U 

The current-product-balance equation restates this as: 
hte-kU (6) 



x_j--AAAr-0 



R 2 

+ j — wv-o- 



12 

ri 



RC4200 
Multiplier 




65-1883 



Figure 2 



Dynamic Range and Stability 

The precision dynamic range for the 4200 is from +50 
pA to +250 nA inputs for h, I2 and I4. Stability and 
accuracy degrade if this range is exceeded. 

To improve the stability for input currents less than 50 
pA, filter circuits (RsCs) are added to each input (see 
Figure 3). 



v xo— vlv 



r 2 - 
v Y o — WV 



AAA* 0+v z 




Rs- 10k Ohms 
C s « 0.005 jiF 



Amplifier A1 is used to convert the I3 current to an 

output voltage. 

Multiplier: Vz = constant * 0 
Divider: Vy = constant * 0 



Figure 3 

Voltage Multiplier/Divider 



JT 



X/ R 2 1 



RC4200 
Multiplier 



2 — o V z 



AW— ol 



VyVy 



V 0 V Z 
R R 4 



v, -v s ~ 
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Solving for Vq = 



V X V Y R0R4 



Vz R1R2 
For a multiplier circuit Vz = Vr = constant 

Therefore: V 0 = VxVyK where K = 

VrRiR 2 

For a divider circuit Vy = Vr = constant 

Therefore: Vo=— K where K J^O? 4 
Vz R1R2 
Figure 4 



For More information, caii 1 -800-722-7074. Raytheon Semiconductor 
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Extended Range 

The input and output voltage ranges can be extended to 
include 0 and negative voltage signals by adding bias 
currents. The RsCs filter circuits are eliminated when 
the input and biasing resistors are selected to limit the 
respective currents to 50 pA min. and 250 pA max. 



Extended Range Multiplier 



o +v REF 




(Output) 



AAA, — fO 



Figures 



Resistors R a and Rb extend the range of the Vx and Vy 
inputs by picking values such that: 

V x (min.) 



Ii(min.) = 



Ri 



=50 nA, 
R a 



and h (max.) = v x( max -) + V _REF = 250 nA; 
Ri R a 

v« + Vref =50mA> 

R 2 R b ^ 



also l2(min.) 



andl 2( max.)=^ l) + V -P=250 tl A. 
R2 Rb 

Resistor Rc supplies bias current for I3 which allows the 
output to go negative. 

Resistors Rex and Rqy permit equation (6) to balance, 
ie.: 

\*1 R a / l R 2 R b / \ R 0 R c R CX R CY / \ R d / 

VyVx/xVreF.VrEF, V REF _ 



R1RI 



Cross-Product Cancellation 

Cross-products are a result of the VxVr and VyVR 
terms. To the extend that: Ri Rb = Rcx R d and R2Ra = 
RcyRd» cross-product cancellation will occur. 

Arithmetic Offset Cancellation 

The offset caused by the Vref 2 term will cancel to the 
extent that: R a Rb = RcRdi and the result is: 



v Y v x v 0 v REF 



R 1 R 2 



R 0 R d 



orV n 



.V X V Y K 



Where K = 
Resistor Values 

Inputs: 



RpRd 
VrefRiR 2 



Vx(min.) < Vx £ Vx(max.) 

AVx = Vx(max.) - Vx(min.) 

Vy(min.) < Vy £ Vy(max.) 

AVy = Vy(max.) = Vy(min.) 
Vref = Constant (+7V to +18V) 
_ V 0 



R 1 = 



V X Vy 
AV X 



(Design Requirement) 



200 jjA 



,R 2 = 



AVy 



,Rd = 



200 pA 
AVxVREF 



Vref 

250 mA 



Rb= 



250 pAAVx - 200 mA V x (max.) 

AVyVREF 
250 joAAVy - 200 [\A Vy(max.) 



Rc- 



R a R b 



n R 1 R b 



, Rcyi 



R2Ra 

Rd 



AVxAVyK 
R ° = 160 mA 
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Multiplying Circuit Offset 
Adjust 



10K<;R5 = R9 = R 16 <S50K 
RyzrR^ =R 14 = 100ft 
R 6=! R 10 = 100n(Vs/0.05) 
R 15 = 10012 (Vs/0.10) 

R8 = Ril|Ra 
Ri2 = R2l|Rb 

Ri3 = RoIIRcIIRcxIIRcy 



o +v R , 



R20 Zos 



R17-R20 can be used to help cancel 
crossproduct errors caused by resistor 
product mis-match (See Appendix 1). 




OV 0 (Otput) 



R16 V 0S 



65-1880 



Procedure: 

1. Set all trimmer pots to 0V on the wiper. 

2. Connect V x input to ground. Put in a full scale square wave on Vy input. Adjust Xos(Rs) for no square wave on Vo 
output (adjust for 0 feedthrough). 

3. Connect Vy input to ground. Put in a full scale square wave on Vx input. Adjust Yos(R9) for no square wave on Vq 
output (adjust for 0 feedthrough). 

4. Connect Vx and Vy to ground. Adjust Vqs(Ri 6) for 0 V on Vq output 



Figure 6 



For More information, call 1-600-722-7074. Raytheon Semiconductor 
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Extended Range Divider 

+Vre F 



Ra 



v x o-A/\)\r 

(Input) 



-O +V R | 



Raz 
-AMr- 



R4 
J WV- 



(Output) 
— O 




Figure 7 

As with the extended range multiplier, resistors Raz and 
Rao are added to cancel the cross-product error caused 
by the biasing resistors, i.e., 



REF 



+ v 0 t v 7 V 

R ao Raz R a 



V XVREF , V 0 V REF , V Z V REF | V REF 
R 1 R b R ao R b R az R b R a R b 



Note: It is necessary to match the above resistor cross- 
products to within the amount of error tolerable in the 
output offset, i.e., with a 10V F.S. output, 0.1% resistor 
cross-product match will give 0.1% x 10V = 10 mV 
untrimmable output offset voltage. 



Resistor Values 



Inputs: 



Vx(min.) £ Vx £ Vx(max.) 
AVx = Vx(max.) = Vx(min.) 

Vz(min.)<Vz^Vz(max.) 
AVz = Vz(max.) = Vz(min.) 
Vref = Constant (+7V to +18V) 



Outputs: 



Vo(min.)^Vo^Vo(max.) 
AVo = Vo(max.) = Vo(min.) 

V0V7 

K = ^ (Design Requirement) 
Ro= ^ , Rb=; VBEL iR4 = ^Vz 



750 pA 
Rc 



250pA ^ 200pA 
AVqVreF 



Rd = 



750)jAAVo-700|jAVo(max.) 

AVzVREF 
250 pAAV z - 200 \\A V z (max.) 



V 0 V Z , V 0 V REF , V Z V REF | W 
R 0 R 4 R 4 R c R c R d 

To cancel cross-product and arithmetic offset: 

RaoRb » RoRd. RazRb = R4RC and R a Rb = RcRd 
and the result is: 



v xVref 
R 1 R b 



R 0 R 4 



V 2 K 



where K- V R^ R 0 R 4 



R 1 R b 



RcRd 
Rb 



, Raz 



Rl: 



RqR4 

Rb 

AVpAVz 
600 mAK 



, Rao 



RpRd 
Rb 
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Divider Circuit with Offset Adjustment 



+v REF 
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General 

lOKSRs-R^R^SOK 

R 7 + R8«Ril|R a | IRd IRao 
R 6 «R7(Vs/0.05) 

R9 = Rb 
RlO«100xR4 
R11=20K 
R12 = 100K 

Ru+Ri5*Rol IRc 
R16»R15(VS/0.10) 



Example: Two-Quad Divider 

V 0 = K (V X /V Z ), K - k, Vref = +V S = +15V 

-1 0 £ Vx £ +1 0, therefore AVx = 20 

0 < Vz ^ +1 0, therefore AVz = 1 0 

-1 0 < V 0 < +1 0, therefore AV 0 = 20 



R 0 = 26.7K 
Rb = 60K 
R4^50K 
Rc = 37.5K 
Rd = 300K 
R a = 187.5K 
Raz = 31.25K 
Rao = 133K 



Ri=333K 

R5. R13. R17 = 10K 

R 7 , R15-IK 

R 8 ,Rii=20K 

R6. R9. Rl6 = 300K 

R 10 = 4.7M 

R 12 = 100K 



Figure 8 



For More information, call 1-800-722-7074. Raytheon Semiconductor 
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Divider Circuit Offset Adjustment 
Procedure 

1 . Set each trimmer pot to OV on the wiper. 

2. Connect Vx (input) to ground. Put a DC voltage of 
approximately V2 Vz(max.) DC on the Vz (input) 
with an AC (squarewave is easiest) voltage of V2 
Vz (max.) peak-to-peak superimposed on it. Adjust 
Xqs (R5) for zero feedthrough. (No AC at Vq) 



V z (Max.) 
1/2 V z (Max.) _ 
OV 




-- 1-- 1/2^ z (Max.) 



3. Connect Vx (input) to Vz (input) and put in the 
V2Vz(max.) DC with an AC of approximately 20 mV less 
than Vz(max.). 

Adjust Zos(Rl3) for zero feedthrough. 



V 2 (Max.) - 
1/2 V z (Max.) - 
OV ji 



jL 
T 



z10mV 
65-1868 

4. Return Vx (input) to ground and connect Vz(max.) 
DC on Vz(input). Adjust output Vos(Ri7) for 
V 0 =OV 0 

5. Connect Vx (input) to Vz (input) and put in Vz 
(max.) DC. (The output will equal K.) Decrease the 
input slowly until the output (Vq = K) deviates 
beyond the desired accuracy. Adjust Zos to bring it 
back into tolerance and return to Step 4. Continue 
Steps 4 and 5 until Vz reduces to the lowest value 
desired. 

Note: As the input to Vx and Vz gets closer to zero (an 
illegal state) the system noise will predominate so much 
that an integrating voltmeter will be very helpful. 



Square Root Circuit Vo = N VVx 

+v REF 

I , 



V x O-vO\r 
(InpuD 



►Rb 



Re, 



RC4200 
Multiplier 



-AMr~ 
+v a 



Rao 

-vw 



(Output) 
— O 



V X V REF , V REF 2 t V 0 V REF. _v£_ , VqVref.WrEF, W 
R 1 R b R a°b ~^ao^b" fyfy R C R 4 R o R d R c R d 

If R a Rb = RcRd and R a oRbRoRd + RaoRfaRc^ - 
RcRdRofy 



Then 



Vq2 



^^orVo^^VxKwhereK,^ 0 " 4 



R0R4 RiRb RiRb 

and Vo ■ NWx where N - Vk 

0 £ Vx £ Vx(max.) and Vo(max.) = NVVx(max) 
V 0 



N = 



Wx 



-(Design Requirement) 



R1 = 
R a = Rd = 
Rb = Rc = 
R4 = 
Rao s 
R 0 = 



V p(max)2 
74pAN2 

VREF 
50pA 

VREF 
150pA 



Vo(max) 
50pA 

Vp(max) 
125pA 

Vp(max) 
225pA 



Figure 9 
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Square Root Circuit Offset Adjust 



Ri 

V X (HVW 
(Input) 




(Output) 



R 14 -R 17 can be used in place of Rg to help 
reduce linearity error due to resistor product 
mis-match (See Appendix 1). 



10K^R 5 =R 13 ^50K 



R 7 = 100Q 
Vs 
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R6 = R7 0.05 
Rs-Rll IRal IRao 

R9 = Rb 
Rio = Rol IRc 
Rn = l00n 



Ri2 = Rn 



_Vs_ 

0.1 



Procedure 

1. Set both trimmer pots to 0V on the wiper. 

2. Put in a full scale (0 to Vx(max.) squarewave on Vx input. Adjust Xos(Rs) for proper peak-to-peak amplitude on Vq 
output (Scaling adjust) 

3. Connect Vx input to ground. Adjust Vos(Ri3) for 0V on Vq output. 



Figure 10 



For More information, call 1 -800-722-7074. Raytheon Semiconductor 
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Squaring Circuits V 0 = K V x 2 



v x o 

(Input) 




R i 2 



zWref Vref 2 _ v o v ref W 



R 1 R a 



R 0 R d 



R C R d 



, V X V REF 
R c R d 



(Output) 
O 



If R a 2 = R c R d and R-j R a = 2R cx R d 

V 0 V REF v x 2 o R n RH 

then p p = -rV or V 0 = KV X 2 where K = — 

R o R d Ri 2 0 x v refRi 2 

V x (rnin.)< V x < V x (max.) AV X = V x (max.) - V x (min.) 
v o 

K = ( Des '9 n Requirement) 

AVy 

R 1 *- 



200pA 

AVvV, 

a 



Rfl X REF 



250pA AV X - 200|JA V x (max.) 



R d = V REF 
0 250pA 

R a 2 
R c= ~£ — 
C °d 

r Ma_ 

CX 2R d 
u 160uA 



Figure 11 
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Squaring Circuits Offset Adjust 



v x O- 
(Input) 




Re 



j- VSAr 



- -V, 



: R10 zos 



R7-R10 can be used to cancel all 
linearity errors caused by input 
offsets and resistor product 
mis-match (See Appendix 1). 



-AAAr 




-OV 0 (Output) 
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10K<Rio, Rn<50K 



R8. Rl5 = 100Q 



R9, Ru=100n 



Vs_ 
0.1 



R5. R6 = RlHRa 
Rie = Rol IRcl IRcx 



Procedure 

1 . Set both trimmer pots to 0V on the wiper. 

2. Put in a full scale (±Vx) squarewave on Vx input. Adjust Zqs(Rio) for uniform output. 

3. Connect Vx input to ground. Adjust Vqs(Ri 1 ) for 0V on Vo output. 

Figure 12 



For More information, call 1-600-722-7074. Raytheon Semiconductor 
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Appendix 1 — System Errors 

There are four types of accuracy errors which affect 
overall system performance. They are: 

1 . Nonlinearity — Incremental deviation from absolute 
accuracy. 0) 

2. Scaling Error — Linear deviation from absolute 
accuracy. 

3. Output Offset — Constant deviation from absolute 
accuracy. 

4. Feedthrough® — Cross-product errors caused by 
input offsets and external circuit limitations. 

The nonlinearity error in the transfer function of the 4200 
is ±0.1% max. (±0.03% max. for 4200A). 



i.e., I3 = 



hfe 



dD.1%F.S.(4) 



The other system errors are caused by voltage offsets 
on the inputs of the 4200 and can be as high as ±3.0% 
(±2.0%for4200A). 

i.e. f V 0 =» ^4d3.0%F.S.(3)(4) 
Vz R1R2 



Ri 

v x o — VW- 



h 

7 

R 2 1 
V Y 0 \W z~ 

n 



RC4200 
Multiplier 



-Ve - 



R4 

-AAAr 



-ov z 



R 0 

-A/w — r° v ° 



Figure 13 



— Ideal Op-Amp 
Vos = 0 
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Errors Caused by Input Offsets 



v 0 - 



^ ± V Y V OSX ± V X V0SY ± V 0 V OS Z ± V 0S xV 0 SY 1 



*1*2 |_v z v z 



Vy Feedthrough - 
Vx Feedthrough - 



Scaling Error 

Output Offset Error - 



System errors can be greatly reduced by externally 
trimming the input offset voltages of the 4200. (d3.0% 
F.S. for 4200 and ±0.1% for 4200A.) 



x os« 



R 1 8 

«i 7 
i WV — 



? R 2 



RC4200 
Multiplier 



R 4 V z 

■AW— o 



100 R4 



4 R <> 

■%-AfVV — rO v o 

rr Lf>J 

-v s - xi>^ 

~ Ideal Op-Amp 
Vos-0 

65-1870 

if; Xos = Xosx. Yos = Yosy. Zos = -Vosz. 
VxVy R0R4 



then Vq - 



±0.3%F.S.(3) 



V Z R1R2 
Figure 14. 4200 with Input Offset Adjustment 



Notes: 

1 . The input circuits tend to become unstable at \\ , fe, I4 < 50 uA 
and linearity decreases when , fe, 14 > 250 uA (e.g., @ lj ■ 
l2 - 500 uA nonlinearity error » 0.5%). 

2. This section will not deal with feedthrough which is proportional 
to frequency of operation and caused by stray capacitance 
and/or bandwidth limitations, (refer to Figure 21.) 

3. Not including resistor tolerance or output offset on the op amp. 

4. For50uA<l|, l2.U^250uA. 
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Extended Range Circuit Errors 

The extended range configurations have a disadvantage 
in that additional accuracy errors may be introduced by 
resistor product mismatching. 



Multiplier (Figure 6) 

An error in resistor product matching will cause an 
equivalent feedthrough or output offset error: 

1 . Ri Rb = RcxRd ±a. Vx feedthrough (Vy = 0) = 
iaV x 

2. R 2 R a = RcYRd Vy feedthrough (Vx = 0) = ij3Vy 

3. R a Rb = RcRd±y.V 0 offset (Vx = V Y =0) = ±yV R EF* 

'Output offset errors can always be trimmed out with the output op 
amp offset adjust, Vqs ( R 16)- 



Reducing Mismatch Errors (Figure 6) 

You need not use .01% resistors to reduce resistor 
product mismatch errors. Here are a couple of ways to 
squeeze maximum accuracy out of the extended range 
multiplier (see Figure 6) using 1% resistors. 



Method #1 

Vx feedthrough, for example, occurs when Vy = 0 and 
Vosy * 0. This Vx feedthrough will equal ±VxVosy- 
Also, if Vosz * 0, there is a Vx feedthrough equal to 
±VxVosz- A resistor-product error of a will cause a Vx 
feedthrough of ±aVx. Likewise, Vy feedthrough errors 
are: ±VyVosx. ±VyVosz and ± PVy. 
Total feedthrough: 

^xVoSYiVyVosxiaVxipVy^Vx+Vy) V 0 SZ 

By carefully adjusting Xos(Rs). Yos(R9) and Zqs(R20) 
this equation can be made to very nearly equal zero and 
the feedthrough error will practically disappear. 

A residual offset will probably remain which can be 
trimmed out with Vqs(Ri6) at the output of amp. 



Method #2 

Notice that the ratios of RiR& : RcxRd and R2Ra : 
RcyRd are both dependent of R<j, also that Ri, R& Ra 
and Rb are all functions of the maximum input 
requirements. By designing a multiplier for the same 
input ranges on both Vx and Vy then Ri = R2, Rex = 
Rcy and R a = Rb. (Note: It is acceptable to design a 
four quadrant multiplier and use only two quadrants of 
it) 

Select Rd to be 1% or 2% below (or above) the 
calculated value. This will cause a and p to both be 
positive (or negative) by nearly the same amount. Now 
the effective value of Rd can be trimmed with an offset 
adjustment Zos(R20) on P in 5. 

This technique will cause: 1) a slight gain error which 
can be compensated for with the Ro value, and 2) an 
output offset error that can be trimmed out with 
Vos(Ri6) on the output op amp. 



Extended Range Divider (Figure 8) 

The only cross-product error of interest is the Vz 
feedthrough (Vx = 0 and Vosx * 0) which is easily 
adjusted with Xos(Rs). 

Resistor product mismatch will cause scaling errors 
(gain) that could be a problem for very low values of Vz. 
Adjustments to Yos(Rls) can be made to improve the 
high gain accuracy. 



Square Root and Squaring (Figures 10 
and 12) 

These circuits are functions of single variables so 
feedthrough, as such, is not a consideration. Cross 
product errors will effect incremental accuracy that can 
be corrected with Yqs(Ri4) or Zqs(Rio)- 



For More information, call 1 -800-722-7074. Raytheon Semiconductor 
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Appendix 2 — Applications 

Design Considerations for RMS-to-DC 
Circuits 

Average Value 

Consider Vj n = Asincot. By definition, 



Vag 



V, N dt 



Where T = Period 
(0 = 2rcf 
2k 
T 

V IN A * 

/ x / \ 

a y. ^ 



T 

T 
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Vag 



2AM 
T L <» 



2 Asincot dt 



cos cot 



= [ -cos (tc) + COS(O)] 
2k 

2 

Average Value of Asincot is — A 

K 



RMS Value 

Again, consider Vin = Asincot 



Vrms = /VAVG = / y j" T [V, N ] 2 dt 
r Asincot 



Vfns for Asincot dt: 
V, 



A 2 sin 2 cot dt 



vrms 

Vrms 
Vrms 
Vrms 



. /— f T [ — - — cos 2 cos 2 cotldt 
Tj 0 L 2 2 J 

mi 



Af 

2 



therefore, the rms value of Asincot becomes: 

RMS Value for Rectified Sine Wave 

Consider Vj n = |A sin o)t|, a rectified wave. To solve, 
integrate of each half cycle. 

i.e.-f Jo T Vin 2 dt = 
-1 j^J o 2"A 2 sin 2 cot dt+ J7 (-Asincot) 2 dt J 

This is the same as -j- Jo T A 2 sin2a)tdt 
so, |Asincot|rms = Asincot rms 

Practical Consideration: |Asincot| has high-order 
harmonics; Asincot does not. Therefore, non-ideal 
integrators may cause different errors for two 
approaches. 



a* 




Low Pass 






c 




Filter 









-O V 0 -V N rms 



(a) 



|vj 



Low Pass 
Filter 



(b) 

Avg^J - V o 

Implies V 0 = ^Avg(|V, N 2 |) 
Vo = \/AvgV, N 2 



Figure 15 
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<100 C 
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10K 



Figure 1 6. RMS to DC Converter = s /JV ln 2 



Amplitude Modulator with A.G.C. (Figure 17) 

In many AC modulator applications, unwanted output 
modulation is caused by variations in carrier input 
amplitude. The versatility of the RC4200 multiplier can 
be utilized to eliminate this undesired fluctuation. The 
extended range multiplier circuit (Figure 5) shows an 
output amplitude inversely proportional to the reference 
voltage Vref- 

i.e.,V 0 = MY _5oRd. 

Vref R1R2 

By making Vref proportional to Vy (where Vy is the 
carrier input) such that: 

Vref = V h =J(|V y |), 

Then the denominator becomes a variable value that 
automatically provides constant gain, such that the 
modulating input (Vx) modulates the carrier (Vy) with a 
fixed scale factor even though the carrier varies in 
amplitude. 



If Vh is made proportional to the average value of Asincot 
(i.e., 2A/rc) and scaled by a value of then: 

V H = A 

and if: Vx = Modulating input (Vm) 
and: Vy = Carrier input (Asincot) 
Then: Vq = K Vm sincot where K = 

The resistor scaling is determined by the dynamic range 
of the carrier variation and modulating input. 

The resistor values are solved, as with the other 
extended range circuits, in terms of the input voltages. 

Input voltages: 

Modulation voltage (Vm): 0 £ Vm £ Vx(max.) 

Carrier (Vy): Vy = Asincot 

Carrier amplitude fluctuation (AA): 
A(min.) sint < Vy < A(max.) sinficot 
Dynamic Range (N): A(max.)/A(min.), 
A(max.) = Vn(max.) and (A(min.) = VH(min.) 
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Figure 17. Amplitude Modulator with A.G.C. 
The maximum and minimum values for h and I2 lead to: 



l1(max)= \^/i« =250mA 

R 1 "a 
VH(min.) 

Ii(min)= ^ =50mA V M (min.) = 0 

l^max)^^ M™± =250 MA 



Example #1 

Vy = Asincot 2.5V < A < 1 0V, therefore N = 4 
0V £ V M < 10V, therefore V x (max.) = 10V 
K = 1 , therefore Vrj = Vm sincot 

Vx(max.) 10V 
50pA 



R1 



l2(min.) = 



R 2 
VH(min.) 



:50^A 



A(max.) 
; 50jiA 

A(min.) 



50nA 

10V 
50mA 

2.5V 



= 200K 



For a dynamic range of N, where 

A(max.) _ 
N = . x < 5. 
A(min.) 

These equations combine to yield: 



Ro = K 



50jjA " 50pA 
R1R2 



= 200K 



= 50K 



200Kx200K 
1 50K =800K 



R1 = 



Vx(max.) D A(max.) 

r« K 2 



(5 -N)50|oA 



A(min.) 
Ra= ^A andR0 = K 



(5 -N)50nA' 
R1R2 



Ra 



Example #2 

Vy = Asincot 3 < A < 6, therefore N = 2 
0V £ V M < 8V, therefore V x (max.) = 8V 
K = .2, therefore Vo = .2 Vm sincot 
so: 

Ri = 53.3K, R 2 = 40K 
R a = 60Kand R 0 = 7.11K 
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Limited Range, First Quadrant Applications 

The following circuit has the advantage that cross- 
product errors are due only to input offsets and 
nonlinearity error is slightly less for lower input currents. 

The circuit also has no standby current to add to the 
noise content, although the signal-to-noise ratio worsens 
at very low input currents (1-5 pA) due to the noise 
current of the input stages. 

The RsCs filter circuits are added to each input to 
improve the stability for input currents below 50 pA. 

Caution 

The bandpass drops off significantly for 
lower currents (<50 pA) and non- 
symmetrical rise and fall times can cause 
second harmonic distortion. 



Thermal Symmetry 



Thermal 
Symmetry 
Line 



The scale factor is sensitive to temperature gradients 
across the chip in the lateral direction. Where possible, 
the package should be oriented such that sources 
generating temperature gradients are located physically 
on the line of thermal symmetry. This will minimize 
scale-factor error due to thermal gradients. 




For More Information, call 1-800-722-7074. 
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Figure 20a. Output Noise Current (y vs. Input Currents (I,, l 2 ) 
forl 4 -250MA 
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Figure 20a. Output Noise Current (y vs. Input Currents (l 4 , y 
for L, = 250 jjA 
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Figure 21. AC Feedthrough vs. Frequency 
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RC4444 

4x4x2 Balanced Switching Crosspoint Array 



Description 

The RC4444 is a monolithic dielectrically isolated 
crosspoint array arranged into a 4 x 4 x 2 matrix. The 
primary application is for balanced switching of 600ft 
transmission lines. The ring and tip are selected by 
selective biasing of the P+ and P- gate. 

Designed to replace reed relays in telephone 
switchboards, it does not require a constant gate drive 
to keep the SCR in the "ON" condition. It is several 
orders faster, with no bouncing, and has a much longer 
operating life than its mechanical counterpart. 

The 1 6 SCR pairs with the gating system are packaged 
in a 24-pin dual in-line package. 



Features 

♦ Low bi-directional Ron 

♦ HighRoFF 

♦ Excellent matching of gates 

♦ Low capacitance 

♦ High rate firing 

♦ Predictable holding current 



Block Diagram 



(21) 
A2 O— 



P+ O- 
(5) 

A1 O- 
0) 



B2 O- 
(19) 

P+ O— 
(6) 

B1 O— 
(20) 

(17) 
C2 O— 



P+ O— 
(7) 

C1 o— 
(18) 

(12) 
D2 O— 



P+ O- 
(8) 

D1 O- 
(16) 



V-* 


*-* 


5 -J 




















% * 


* * 


t -* 















OOO 
(4) (3) (9) 
Z2 P- Z1 



OOO 
(2) (10) (11) 
Y2 P- Y1 



0 O O 
(24) (23) (13) 
X2 P- X1 



O 0 6 
(22) (14)(15) 

W2 P- W1 65-2413 
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Absolute Maximum Ratings 

Operating Voltage +25V 

Operating Current per Crosspoint .....100 mA 

Storage Temperature Range -65°C to +150°C 

Operating Temperature Range 0°C to +70°C 

Lead Soldering Temperature +300°C 

(60 sec) 

Notes: 1 . Maximum voltage from anode to cathode. 



Thermal Characteristics 





24-Lead 
Plastic DIP 


24-Lead 
Ceramic DIP 


Max. Junction Temp. 


+125°C 


+175°C 


Max. P D T A <50°C 


555 mW 


1042 mW 


Therm. Res 8jc 




60°C/W 


Therm. Res. Gja 


135°C/W 


120°C/W 


For Ta>50°C Derate at 


7.41 mW/°C 


8.33 mW/°C 



Connection Information 



24-Lead 
Dual In-Line Package 

(Top View) 







n 


23] 
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Pin 


Function 


Pin 


Function 


1 


Anode A1 


13 


Cathode X1 


2 


Cathode Y2 


14 


Row Select W 


3 


Row Select Z 


15 


Cathode W1 


4 


Cathode Z 


16 


Anode D1 


5 


Column Select A 


17 


Anode C2 


6 


Column Select B 


18 


Anode C1 


7 


Column Select C 


19 


Anode B2 


8 


Column Select D 


20 


Anode B1 


9 


Cathode Z1 


21 


Anode A2 


10 


Row Select Y 


22 


Cathode W2 


11 


Cathode Y1 


23 


Row Select X 


12 


Anode D2 


24 


Cathode X2 



Ordering Information 







Operating 






Temperature 


Part Number 


Package 


Range 


RC4444N 


N 


0°Cto+70°C 


RC4444D 


D 


0°Cto+70°C 



Notes: 

N - 24-lead 600 wide plastic DIP 
D = 24-Lead 600 wide Ceramic DIP 
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Electrical Characteristics 

(0°C sTa s +70°C unless otherwise specified) 







RC4444 




Parameters 


Test Conditions 


MIn 


Typ 


Max 


Units 


Anode-Cathode Breakdown Voltage 


l A K = 25pA 


25 






V 


Cathode-Anode Breakdown Voltage 


l A K = 25nA 


25 






V 


Base-Cathode Breakdown Voltage 


I B K = 25mA 


25 






V 


Cathode-Base Breakdown Voltage 


I K B = 25mA 


25 






V 


Base-Emitter Breakdown Voltage 


lBE = 25nA 


25 






V 


Emitter-Cathode Breakdown Voltage 


I E K = 25mA 


25 






V 


OFF State Resistance 


V A K=10V 


100 






Ma 


Dynamic ON Resistance 


Center Current = 10 mA 
Center Current = 20 mA 


4.0 
2.0 




12 
10 


Q. 


Holding Current 




0.9 




3.8 


mA 


Enable Current 


V B e=1.5V (Fig. 2) 


4.0 






mA 


Anode-Cathode ON Voltage 


l A K = 10mA 
I A k = 20 mA 






1.0 
1.1 


V 


Gate Sharing Current 


Under Select Conditions 


0.8 




1.25 


mA/mA 


Ratio at Cathodes 


with Anodes Open (fig. 1) 


0.8 




1.25 


mA/mA 


Inhibit Voltage 


V B = 3.0V (Fig. 3) 






0.3 


V 


Inhibit Current 


V B = 3.0V (Fig. 3) 






0.1 


mA 


OFF State Capacitance 


Vak = 0V 






2.0 


PF 


Tum-ON Time 


(Fig. 5) 






1.0 


|1S 


Minimum Voltage Ramp 


Which Could Fire the SCR 
Under Transient Conditions 
(Figure 5) 


800 






V/us 
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Typical Performance Characteristics 

Holding Current vs. Ambient Temperature 




-10 0 10 20 30 40 50 60 70 80 90 
Ambient Temperature (°C) 

Difference In Anode-Cathode on Voltage 
(Between Associate Pairs of SCRs) 
vs. Anode-Cathode Current 
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Typical Performance Characteristics (Continued) 

Feedback vs. Signal Frequency 




-130 



0.5 1.0 5 10 
Signal Frequency (kHz) 



50100 



-130. 



0.1 



Crosstalk vs. Signal Frequency 




0.5 1.0 5 10 
Signal Frequency (kHz) 



50100 



Test Circuits 



4.5 mA 

O o||en O 



Figure 1. Test Circuit for Gate Sharing Current Ratio 



+10V 
R 



10V 

R 



M<H L H>r— 7 



Figure 2. Enable Current (Both SCRs Must Turn On) 



+10V +3.3V V, NH k Iinh 

o—o — i +iov 
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Inputs - 



V L andV J+ 10V _ 

+5V - 

+0.8 V h 

<+8.5V 



Figure 3. Inhibit Voltage and Inhibit Current (Both 
SCRs Must Remain Off) 



„_6.25uS 
-6.25US 



LV C &V E 
<+2.5V - 

to N < 1 uS -* 
(at 50% Amplitude 
Point) 




dV/dt < 800/US $5.2417 



Figure 4. Test Waveforms for dv/dt and t^ 
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Test Circuits (Continued) 



Clock O 




O -10V 



O V E Scope 
O V c Scope 



Two Wire 
Crosspoint 
Under Test 
0+5V 



O Vj Scope 
O +10V 



OV K Scope 



Figure 5. Test Circuit for dv/dt and t^ 



600 




►600 



Wave 
Analyzer 



T A « +25°C, V, = 12 dBm, Crosspoints Off 
Feedthrough « 20 Log 10 (Vq/V,) 

65-2049 

Figure 6. Test Circuit for Feedthrough vs. 
Frequency 




T A - +25°C, V, - 12 dBm, Crosspoinst On 
Feedthrough - 20 Log 10 (Voflod 

65-2050 

Figure 7. Test Circuit for Crosstalk vs. 
Frequency 
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Typical Applications 

The RC4444 crosspoint switch is designed to provide a 
low-loss analog switching element for telephony signals. 
It can be addressed and controlled from standard binary 
decoders and is CMOS compatible. With proper system 
organization, the RC4444 can significantly reduce the 
size and cost of existing crosspoint matrices. 

Signal Path Considerations 

The RC4444 is a balanced 4x4 2-wire crosspoint array. 
It is ideal for balanced transmission systems, but may 
be applied effectively in a number of single ended 
applications. Multiple chips may be interconnected to 
form larger crosspoint arrays. The major design 
constraint in using SCR crosspoints is that a forward DC 
current must be maintained through the SCR to retain 
an AC signal path. This requires that each subscriber- 
input to the array be capable of sourcing DC current as 
well as its AC signal. With each subscriber acting as a 
DC source, each trunk output then acts as a current 
sink. The instrument-to-trunk connection in Figure 8 
shows this configuration. However, with each subscriber 
acting as a DC source, some method of interconnecting 
them without a trunk must be provided. Such a local or 
intercom termination is shown in Figure 9. Here both 
subscribers source DC current and exchange AC 
signals. The central current sink accepts current from 
both subscribers while the high output impedance of the 
current sink does not disturb the system. 

These configurations are system compatible. The DC 
current restriction is not a restriction in the design of an 
efficient crosspoint array. Because of the current sink 
terminations, a signal path may use differing numbers of 
crosspoints in any connection or in two sides of the 
same connection further relaxing restrictions in array 
design. 



Figure 10 demonstrates circuit operation. S1 , S2 and S3 
are open. The Crosspoint SCRs are off as they have not 
gate drive or DC current path through S1 . By closing S2 
and S3, gate drive is provided, but the SCRs still remain 
off as there is no DC current path to hold them on. Close 
S1 and the circuit is enabled, but with S2 and S3 off 
there is still no signal path. Closing S2 and S3 with S1 
closed — current is injected into both gates and they 
switch on. DC current through Rl splits around the 
center-tapped winding and flows through each SCR, 
back through the lower winding and through S1 to 
ground. If S2 and S3 are opened, that current path still 
remains and the SCRs remain on. If an AC signal is 
injected at either G1 or G2, it will be transmitted to the 
other signal port with negligible loss in the SCRs. To 
disconnect the AC signal path, the SCRs must be 
commutated off. By opening S1 the DC current path is 
interrupted and the SCRs switch off. The AC signal path 
is disconnected. With S1 closed, the circuit is enabled 
and may be addressed again from S2 and S3. This 
circuit demonstrates a balanced transmission 
configuration. The transmission characteristics of the 
SCRs simulate a relay contact in that the AC signal 
does not incur a contact voltage drop across the 
crosspoint. The memory characteristics of the crosspoint 
are demonstrated by the selective application of S1 , S2, 
and S3. 

The selection of Rl is governed by the power supply 
voltage and the desired DC current. If 10 mA is to flow 
through each SCR then Rl must pass 20 mA. Thus, 
(+Vs - Vak)/Rl = 20 mA. The selection of Rp is 
governed by the characteristics for crosspoint turn on. 
Adequate enable current must be injected into the 
column select and Rp should drop at least 1 .5V. The 
PNP transistor has a typical gain of one. Thus, Rp 
should pass at least 2 mA to provide 4 mA column 
select current 



For More information, call 1-800-722-7074. Raytheon Semiconductor 
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Addressing Considerations 

The RC4444 crosspoint switch is addressed by 
selecting and turning on the PNP transistor that controls 
the SCR pair desired. The drive requirements of the 
RC4444 can be met with standard CMOS outputs. A 
particular crosspoint is addressed by putting a logical "1" 
on the emitter and a logical "0" on the base of the 
appropriate transistor. A resistor in the base circuit of the 
transistor is required to limit the current and must also 
drop 1 .5V to assure forward bias of the two diodes in the 
collector circuits. 

The gate current required for SCR turn on is 1 mA 
typically. CMOS one-of-n decoders are available that 
provide both active high and active low outputs and are 
well suited for standard addressing organizations. The 
major design constraint in organizing the addressing 



structure is that any signal path which is to be 
addressed must create a DC path from a source to a 
sink. If that path requires two crosspoints, they must be 
addressed simultaneously. Of course, once the path is 
selected, the addressing hardware is free to initiate 
other signal paths. To meet the DC path requirement, 
crosspoint arrays should be designed in block such that 
any give DC path required only one crosspoint per 
block. A signal path, however, may still use two 
crosspoints in the same block by sequentially 
addressing two DC paths to the same terminator. For 
example, the left or right pairs of crosspoints in Figure 9 
must be addressed simultaneously but the left pair may 
be addressed in sequence after addressing the right 
pair. This is not a difficult constraint to meet and it does 
not require unnecessary addressing hardware. 




Figure 8. Instrument-to-Trunk Connection 
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Figure 9. Typical Instrument-to-instrument Connection 
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Figure 10. Crosspoint Operation Demonstration Circuit 
For More information, call 1-800-722-7074. Raytheon Semiconductor 
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PROMs 



PROMs 



3.0V 



C S /P S 



o 0 -o 8 




Keys to Timing Diagram 
Waveforms Inputs Outputs 



TSS (IT 



Must be 
Steady 

Don't Care. 
Any Change 
Permitted 

Does Not 
Apply 



Will be 
Steady 

Changing State 
Unknown 

Center Une Is 
High Impedance 
Off State 



Raytheon Semiconductor bipolar PROMs feature full 
Schottky clamping and three-state outputs. The devices 
are available in four- and eight-bit wide JEDEC standard 
configurations. The PROMs employ nichrome fuse links, 
which store a logical HIGH and are programmed to a 
LOWstate. Chip select inputs provide logic flexibility and 
ease of memory expansion decoding. The devices 
contain an internal test row and column, which are 
accessed and programmed during wafer sort test. These 
fuses ensure a high programming yield and guarantee 
AC performance and DC parameters. 

Raytheon Semiconductor's PROM series includes 
standard performance and power-switched versions. 
The devices are available in different speed and 
package options. 



Raytheon Semiconductor's memory products have a 
high immunity, or resistance, to total dose, neutron 
fluence and dose rate radiation. Our memory products 
are well-suited for military and aerospace applications. 

Screening Options Available: 

♦ Levels 

♦ JAN Class B 

♦ Standardized Military Drawing (SMD) 

♦ Class B 

♦ Source Control Drawing (SCD) 

♦ Military Temperature Range 

♦ Commercial Temperature Range 

Raytheon offers JAN and Standardized Military Drawing 
product as off-the-shelf devices, on a direct OEM basis 
or through distributors. 



For More Information, call 1-800-722-7074. 



Raytheon Semiconductor 



3-903 



PROMs 



PROM Selection Guide 













Raytheon 






Max ICC 
Power 


MaxICCD 
Power Down 












Package 


MIL-STD-1835 




Supply 


Supply 


Product 


Size 


Organization Enable "> 


Outputs 


Designator 


Case Outline 


°C/W 


Current 


Current 


R29621/1A 


4K 


512X8 


C5 


TS 


D 


D-8 


<11 


155 mA 




R29623/3A 


4K 


512X8 


F5 


TS 


D 


D-8 


<11 




45 mA 


R29631/1A 


8K 


1024X8 


C5\C5 2 
CS 3 , CS 4 


TS 


D 
L 
F 


D-3 
C-4 
F-6 


<11 

<10 
<10 


170 mA 




R29633/3A 


8K 


1024X8 


P5\P5* 
PS 3 , PS 4 


TS 


D 
L 
F 


D-3 
C-4 
F-6 


<11 

<10 
<10 




45 mA 


R29651/1A 


8K 


2048X4 


CS 


TS 


D 


D-6 


<11 


170 mA 




R29653/3A 


8K 


2048X4 


pst 


TS 


D 


D-6 


<11 




45 mA 


R29681/1A 2 


16K 


2048X8 


CS 1 
CS 2 , CS 3 


TS 


S 
D 
L 


D-9 
D-3 
C-4 


<11 
<11 

<10 


180 mA 




R29683/3A 2 


16K 


2048X8 


PS 1 

PS 2 , PS 3 


TS 


S 
D 
L 


D-9 
D-3 
C-4 


<11 
<11 

<10 




50 mA 


R29771 


32K 


4096X8 


CS 1 , CS 2 


TS 


S 
D 
L 
F 


D-9 
D-3 
C-4 
F-6A 


<11 
<11 

<10 
<10 


190 mA 




R29773 


32K 


4096X8 


P5\ PS 2 


TS 


S 
D 
L 
F 


D-9 
D-3 
C-4 
F-6A 


<11 
<11 

<10 
<10 




55 mA 


R29791 


64K 


8192X8 


CS" 


TS 


S 
D 
F 


D-9 
D-3 
F-64A 


<11 
<11 

<10 


190 mA 




R29793 


64K 


8192X8 


PS 


TS 


S 
D 
F 


D-9 
D-3 
F-6A 


<11 
<11 

<10 




50 mA 



Notes: ~ 

1 . CS/CS = Chip Select for PROM 
PS/PS = Chip Select for SPROM 

2. Contact Factory regarding flat pack package. 



JAN Ordering Information 

MIL-M-38510 Slash Sheet Part Number 

MIL-M-38510/20902BVA. 

MIL-M-38510/20904BJA 

MIL0M-38510/21002BJA 

Raytheon Semiconductor CAGE Code — 07933 

3-904 Raytheon Semiconductor For More Information, call 1^800-722-7074. 



Raytheon Part Number 

, JR29651 DQ (2K X 4, 18-pin ceramic DIP) 
. JR29631 DR (1 K X 8, 24-pin ceramic DIP) 
. JR29681 DR (2K X 8, 24-pin ceramic DIP) 



R296XX/R297XX 

R296XX/R297XX 

Standard PROMs and Power-Switched SPROMs 



Description 

Raytheon Semiconductor's Bipolar Field Programmable 
Read-Only Memories include both standard and power- 
switched versions. CS/PS inputs provide logic flexibility 
and ease of memory expansion decoding. SPROM 
power-switch circuitry is activated by the PS input. 

Raytheon PROMs and SPROMs are manufactured with 
nichrome fuses and low power Schottky technology. The 
devices are shipped with all bits in the HIGH (logical 
ONE) state. To achieve a LOW state in a given bit 
location the nichrome link is fused open by passing a 
short, high current pulse through the link. All devices are 
programmed using the same programming technique. 

Standard PROMs are enabled by a single active LOW 
CS or by both active LOW CS and high CS inputs. 
Power-switched PROMs (SPROMs) are enabled by a 
single active LOW PS or by both active LOW PS and 
HIGH PS inputs. See the individual block diagrams for 
the enable scheme. 



Features 

♦ Devices are available in military (-55°C to +1 25°C) 
temperature range 

♦ Standard PROMs are offered in power-switched 
SPROM versions 

♦ Typically, 75% power savings achieved by 
deselected SPROMs 

♦ Reliable nichrome fuses 

♦ Three-state outputs 

♦ Devices programmed on standard PROM 
programmers 

♦ High immunity or resistance to high levels of 
constant or burst radiation 

♦ Device pinouts comply with JEDEC standards 

♦ Available in surface mount and through-hole 
packaging 

♦ PROMs and SPROMs are offered in 24-pin, 0.3 M 
wide DIPs 

Applications 

♦ Microprogram control store 

♦ Microprocessor program store 

♦ Programmable logic 

♦ Custom look-up tables 

♦ Security encoding/decoding 

♦ Code converter 

♦ Character generator 

♦ Use in redundant systems 



For More Information, call 1-800-722-7074. 
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R296XX/R297XX 

Absolute Maximum Ratings 

(above which the useful life may be impaired) 

Supply Voltage to Ground Potential (continuous), -0.5V to +7.0V 

DC Input Current -30 mA to +5.0 mA 

DC Input Voltage (address inputs) -0.5V to +5.5V 

DC Input Voltage (chip/power select input pin) 

R296XX -0.5Vto+33V 

R297XX -0.5VtO+28V 

DC Voltage Applied to Outputs (except during programming) -0.5V to +V a max. 

Output Current into Outputs During Programming 240 mA 

DC Voltage Applied to Outputs During Programming 

R296XX 26V 

R297XX 24V 

Junction Temperature .+175°C 

Storage Temperature .-65°C to +150°C 

Programming Temperature 25 i5°C 

Lead Temperature (soldering, 10 seconds) 300°C 

Current Density (metallization) < 5 x 10 5 A/cm 2 

Thermal Resistance, Junction-to-Case 0 JC 

Dual-ln-Line £11°C/W 

Leadless Chip Carrier £ 10°C/W 

Flat Pack <10°C/W 



Operating Conditions 







Mill 


tary 




Parameter 


Description 


Min. 


Max. 


Unit 


^cc 


Supply Voltage 


4.5 


5.5 


V 




Case Operating Temperature 


-55 


+125 


°c 


v lL1 1 


DC/Functional Low Level Input Voltage 




0.8 


V 


V.H 1 


DC/Functional High Level Input Voltage 


2.0 




V 




AC Low Level Input Voltage 




0 


V 


v 1H 


AC High Level Input Voltage 


3.0 




V 



Note 
1 



Functional tests shall be conducted at input test conditions as follows: V IH = V IH (min) +20%, -0%; V IL = VJmax) 
+0%, -50%. Devices may be tested using any input voltage within this input voltage range but shall be guaranteed 
to V IH (min) and VJmax). CAUTION: To avoid test correlation problems, the test system noise (e.g., testers, 
handlers, etc.) should be verified to assure that V IH (min) and V IL (max) requirements are not violated at the device 
terminals. 
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Raytheon Semiconductor For More Information, call 1-800-722-7074. 



R296XX/R297XX 



Electrical Characteristics 

Over Operating Range 

Devices conform to MIL-STD-883, Group A, Subgroups 1 , 2 and 3 



Parameter 


Description 


Test Conditions 


Min 


Max 


Units 


V 

OH 


Output High Voltage 


V^ = Min, l 0H = -2 mA 
V IN = V IH orV lL 


2.4 




V 


Vo, (1) 

OL 


Output Low Voltage 


V cc = Min, 
V IN = V lH orV lL 


l OL = 8 mA 




0.4 


V 


l 0L = 16 mA 




0.5 




Input Low Current 


= Max, V IN = 0.4V 


R296XX 




-250 


> 


R297XX 




-100 


',H 


Input High Current 


V cc = Max, V, N = 2.7V 




10 


HA 


V cc = Max, V IN = 5.5V 




40 


I (2) 
'OS 


Output Short Circuit 
Current 


V cc = Max,V OUT = 0.2V( 3 ) 


-15 


-85 


mA 


v* 


Input Clamp Voltage 


V cc = Min, l IN = -18 mA 




-1.2 


V 


'cEX 


Output Leakage Current 


Vcc = Max, 
Chip Disabled 


V OUT = 5.5V 




+40 


MA 


V OUT = 0.4V 




-40 



Notes: 

1 . This characteristic cannot be tested prior to programming; it is guaranteed by factory testing. 

2. Not more than one output should be shorted at a time. Duration of the short circuit should not exceed 1 second. 

3. = 0.0V for R29791/R29793 

4. Typical C lN ■ 5 pF 



Pin Names 



Symbol 


Description 


A 0 — A n 


Address Inputs 


CS" 


Chip Select Active Low (PROM) 


CS 


Chip Select Active High (PROM) 


PS 


Chip Select Active Low (SPROM) 


PS 


Chip Select Active High (SPROM) 


O 1 — O n 


Data Outputs 



For More Information, call 1-800-722-7074. 
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R296XX/R297XX 



512 x 8 PROM — R29621/R29621 A 

Power and AC Characteristics Over Operating Range 

ICC conforms to MIL-STD-883, Group A, Subgroups 1 , 2 and 3 

AC parameters conform to MIL-STD-883, Group A, Subgroups 9, 10 and 11 









Maximum Limits 


Units 


Parameter 


Description 


Test Conditions 


29621AM 


R29621M 






Power Supply Current 


Vcc = Max 
All Inputs GND 


155 


155 


mA 


ty* 


Address Access Time 


C L = 30 pP, 


60 


80 


ns 


tEA 


Enable Access Time 


R1 xxSOOntoV^ 


40 


40 


ns 


t E R 


Enable Recovery Time 


R2 = 600® to GND, 16 mA Load 


40 


40 


ns 


P D 


Power Dissipation 




853 


853 


mW 



'See AC Test Load Circuit and Switching Waveforms 



Ordering Information 



Operating Temperature 
Part Type Package Range 



R29621DM 


D 


-55°C 


to 


+125°C 


R29621DM/883B 


D 


-55°C 


to 


+125°C 


R29621DMS 


D 


-55°C 


to 


+125°C 


R29621ADM 


D 


-55°C 


to 


+125°C 


R29621ADM/883B 


D 


-55°C 


to 


+125°C 


R29621ADMS 


D 


-55°C 


to 


+125°C 



Notes: 

/883B suffix denotes MIL-STD-883, Level B processing 
S suffix denotes Level S processing 
D - 20-lead ceramic DIP 



Block Diagram 




1of8 
Multiplexers 
(8) 



Pin-Out Information 

Dual In-Line Package 

Vcc A 8 A 7 A 6 A 5 CS O s 0, O e O s 




A 0 A, A 2 A 3 A 4 O., 0 2 0 3 0 4 Gnd 
Pin 15 is also the programming pin (pp) 



CS 



J H>- 



Output 
Drivers (8) 

6 7 8 9 11 121314 



TT 



r> n n <r w ie n w 

OQOOQQQO 
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Raytheon Semiconductor For More information, call 1-800-722-7074. 



R296XX/R297XX 



512 x 8 SPROM — R29623/R29623A 

Power and AC Characteristics Over Operating Range 

ICC conforms to MIL-STD-883, Group A, Subgroups 1 , 2 and 3 

AC parameters conform to MIL-STD-883, Group A, Subgroups 9, 10 and 11 









Maximum Limits 




Parameter 


Description 


Test Conditions 


R29623AM 


R29623M 


Units 


'cCD 


Power Down, Supply 
ourrem (aisaDieuj 


V cc = Max 

DC _ \/ All nthar 

ro as v, H , aii omer 
inputs = GND 


45 


45 


mA 


'co 


Supply Current 
(enabled) 


= Max 
All inputs = Gnd 


155 


155 


mA 


t*A 


Address Access Time 


C L = 30 pF* 


60 


85 


ns 


«« 


Enable Access Time 


R1 = 300a to 


65 


85 


ns 


Ir 


Enable Recovery Time 


R2 a= 600Q to GND, 16 mA Load 


40 


40 


ns 


P 0 


Power Dissipation 
(Disabled) 




248 


248 


mW 


P 0 


Power Dissipation 
(Enabled) 




853 


853 


mW 



*See AC Test Load Circuit and Switching Waveforms 



Ordering Information 



Operating Temperature 
Part Type Package Range 



R29623DM 


D 


-55°Cto+125°C 


R29623DM/883B 


D 


-55°Cto+125°C 


R29623DMS 


D 


-55°Cto+125°C 


R29623ADM 


D 


-55°Cto+125°C 


R29623ADM/883B 


D 


-55°Cto+125°C 


R29623ADMS 


D 


-55°Cto+125°C 



Notes: 

/883B suffix denotes MIL-STD-883, Level B processing 
S suffix denotes Level S processing 
D * 20-lead ceramic DIP 

Pin Out Information 

Dual In-LIne Package 



Vcc A 8 A 7 A 6 A 5 PS O a 0 ? O e O s 

r-ir-inrnrnmi-ir-irnr-i 

20 19 18 17 16 15 14 13 12 11 



123456789 10 

uuuuuuuuuu 

A 0 A, A 2 A 3 A 4 O, 0 2 0 3 0 4 Gnd 
Pin 15 is also the programming pin (pp) 65 



Block Diagram 



A,- 
A 5 " 
A 6 - 

A 7 " 
A 8 - 



2 
16 
17 
18 
19 



1of64 
Decoder 



V 



A 2 - 
A 3 - 



PS 



64x64 
Memory 
Matrix 



31 



1 of 8 
Multiplexers 
(8) 





Output 


> — 


Drivers (8) 




6 7 8 9 11121314 


llllllll 

~ €4 €•» ■* u> <o r- • 

oooooooo 



For More Information, call 1-800-722-7074. 



Raytheon Semiconductor 



3-909 



R296XX/R297XX 



1024 x 8 PROM — R29631/R29631 A 

Power and AC Characteristics Over Operating Range 

ICC conforms to MIL-STD-883, Group A, Subgroups 1 , 2 and 3 









Maximum Limits 




Parameter 


Description 


Test Conditions 


R29631AM 


R29631M 


Units 


^cc 


Power Supply Current 


Vcc = Max 

All inputs = Gnd 


170 


170 


mA 


tAA 


Address Access Time 


C L = 30 pF* 


60 


90 


ns 


tEA 


Enable Access Time 


R1 ^OOQtoV^ 


40 


40 


ns 


t E R 


Enable Recovery Time 


R2 = 600Q to GND, 16 mA Load 


40 


40 


ns 


Pd 


Power Dissipation 




935 


935 


mW 



*Soe AC Test Load Circuit and Switching Waveforms 

Ordering Information 

Operating Temperature 
Part Type Package Range 



R29631DM 


D 


-55°Cto+125°C 


R29631DM/883B 


D 


-55°Cto+125°C 


R29631DMS 


D 


-55°Cto+125°C 


R29631FM 


F 


-55°CtO+125°C 


R29631FM/883B 


F 


-55°Cto+125°C 


R29631FMS 


F 


-55°CtO+125°C 


R29631ADM 


D 


-55°Cto+125°C 


R29631ADM/883B 


D 


-55°Cto+125°C 


R29631AFMS 


D 


-55°Cto+125°C 


R29631ADM 


F 


-55°CtO+125°C 


R29631AFM/883B 


F 


-55°Cto+125°C 


R29631AFMS 


F 


-55°Cto+125°C 



Notes: 

/883B suffix denotes MIL-STD-883, Level B processing 
S suffix denotes Level S processing 
D - 24-lead .600 wide ceramic DIP 
F * 24-lead ceramic flat pack (cerpak) 



Block Diagram 



A 4 — 1 
A 6 2. 



A 0 
A, 
A 2 
A 3 



CSi- 

CS2- 

CS 3 - 
CS 4 ' 



1of64 
Decoder 



-21 



20 



Or 



19 



18 



64 x 128 
Memory 
Matrix 




1of16 
Multiplexers 
(8) 



Output 
Drivers (8) 

910 11 131415 1617 



Pin Out Information 



»- CM n < B <D N 00 

oooooooo 



65-0116 



Dual-ln-Line/Flat Pack Package 



Vcc 


A 8 
JZL 


A. 

m 


Pi 


C5 2 CS3CS4 
mi — 11 — 1 


ft 


O7 

ri 


Oe 

n 


0 5 
JZL 


04 

JC3-. 


24 


23 


22 


21 


20 19 


18 


17 


16 


15 


14 


13 


1 


2 


3 


4 


5 6 


7 


8 


9 


10 


11 


12 


A 7 


1 1 

A« 


1 1 

A 6 


I I 

A 4 


1 J 1 1 

A 3 A a 


I I 

A, 


I I 

A 0 


izr 
0, 


TZT 

0 8 


TT 
0, 


xzr 1 

Gnd 



Pin 20 is also the programming pin (pp) 



3-910 



Raytheon Semiconductor For More information, can 1-800-722-7074. 



R296XX/R297XX 



1 024 X 8 SPROM — R29633/R29633A 

Power and AC Characteristics Over Operating Range 

ICC conforms to MIL-STD-883, Group A, Subgroups 1 , 2 and 3 

AC parameters conform to MIL-STD-883, Group A, Subgroups 9, 10 and 11 









Maximum Limits 




Para motor 


Dpqc rlnt In n 


Tact OnnHltlrtnc 


R29633AM 


R29633M 


Unite 


'cCD 


Power Down, Supply 
Current (Disabled) 


V cc = Max,PS = V IH , 
All other Inputs = GND 


45 


45 


mA 


'cc 


Supply Current 
(Enabled) 


Vcc = Max 

All inputs = GND 


170 


170 


mA 


lu 


Address Access Time 


CL = 30 pF* 


70 


90 


ns 




Enable Access Time 


R1 -SOOflitoV^ 


70 


115 


ns 


Iff 


Enable Recovery Time 


R2 - 600G to GND, 1 6 mA Load 


40 


40 


ns 


p 0 


Power Dissipation 
(Disabled) 




248 


248 


mW 


Pd 


Power Dissipation 
Enabled 




935 


935 


mW 



* See AC Test Load Circuit and Switching Waveforms 

Ordering Information 

Operating Temperature 
Part Type Package Range 



Block Diagram 



R29633DM 


D 


-55°Cto+125°C 


R29633DM/883B 


D 


-55°Cto+125°C 


R29633DMS 


D 


-55°Cto+125°C 


R29633FM 


F 


-55°Cto+125°C 


R29633FM/883B 


F 


-55°Cto+125°C 


R29633FMS 


F 


-55°Cto+125°C 


R29633ADM 


D 


-55°Cto+125°C 


R29633ADM/883B 


D 


-55°Cto+125°C 


R29633ADMS 


D 


-55°Cto+125°C 


R29633AFM 


F 


-55°Cto+125°C 


R29633AFM/883B 


F 


-55°Cto+125°C 


R29633AFMS 


F 


-55°Cto+125°C 



A 5 - 
A 6 - 
Ay 
A 8 ' 
A 9 " 



4 


1of64 
Decoder 




3 


2 


L 

23 






22 





64x128 
Memory 
Matrix 



Ai- 
A 2 - 
A3- 



31 



1of16 
Multiplexers 
(8) 



Notes: 

/883B suffix denotes MIL-STD-883, Level B processing 
S suffix denotes Level S processing 
D = 24-lead .600 wide ceramic DIP 
F » 24 lead ceramic flat pack (cerpak) 



PSi 
PS 2 
PS 3 
PS 4 



21 , 



19 



D- 



Pin Out Information 



Output 
Drivers (8) 

91011 1314151617 



Dual In-Llno/Flat Pack Package 



»■ N n * 10 «s r» • 
OOOOOOOO 

65-0117 



V cc A a A, 



9 PS, PSj PS S PS 4 

"i r— 1 i~~ 



O, 0 7 Oe 0 6 04 



24 23 22 21 20 19 18 17 16 15 14 13 



10 11 12 



A 7 At A, A 4 A, A a A, A 0 O, O, O s Ond 

Pin 20 Is also the programming pin (pp) 65-4071 



For More Information, call 1-800-722-7074. 
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R296XX/R297XX 



2048 x 4 PROM — R29651/R29651 A 

Power and AC Characteristics Over Operating Range 

ICC conforms to MIL-STD-883, Group A, Subgroups 1 , 2 and 3 

AC parameters conform to MIL-STD-883, Group A, Subgroups 9, 10 and 1 1 









Maximum Limits 




Parameter 


Description 


Test Conditions 


R29651AM 


R29651M 


Units 


'cc 


Power Supply Current 


= Max 
All inputs = Gnd 


170 


170 


mA 




Address Access Time 


C L = 30pF* 


70 


90 


ns 


«ea 


Enable Access Time 


R1 = 300Q to 


45 


50 


ns 




Enable Recovery Time 


R2 - 600Q to GND, 16 mA Load 


45 


45 


ns 




Power Dissipation 




935 


935 


mW 



'See AC Test Load Circuit and Switching Waveforms 



Ordering Information 



Operating Temperature 
Package Range 



Part Type 



R29651DM 


D 


-55°Cto+125°C 


R29651DM/883B 


D 


-55°Cto+125°C 


R29651DMS 


D 


-55°Cto+125°C 


R29651ADM 


D 


-55°Cto+125°C 


R29651ADM/883B 


D 


-55°CtO+125°C 


R29651ADMS 


D 


-55°Cto+125°C 



Notes: 

/883B suffix denotes MIL-STD-883, Level B processing 
S suffix denotes Level S processing 
D - 18-lead wide ceramic DIP 



Pin Out Information 

Dual In-Line Package 
Vcc A 7 A 8 A 9 Oi 0 2 0 3 0 4 CS 

n n n n n n n n n 




23456789 

I II I I II II II II I 

A 6 As A4 A3 A 0 At A 2 A10 Gnd 



Pin 10 is also the programming pin (pp) 



65-1324 



Block Diagram 

A 5 . 
A 6 . 
A 7 - 
A 8 - 



A10- 



J2_ 






1 






17 


1of64 
Decoder 


I 


16 




15 






2- 







A 2 
A3 
A 4 




5 
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Multiplexers 
(4) 
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4 


3 
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65-0122 



3-912 



Raytheon Semiconductor For More information, can 1-800-722-7074. 



R296XX/R297XX 



2048 x 4 SPROM — R29653/R29653A 

Power and AC Characteristics Over Operating Range 

ICC conforms to MIL-STD-883, Group A, Subgroups 1 , 2 and 3 

AC parameters conform to MIL-STD-883, Group A, Subgroups 9, 10 and 11 



Parameter 


Description 


Test Conditions 


Maximum I 


Limits 


Units 


R29653AM 


R29653M 


^CCD 


Power Down, Supply 
Current (disabled) 


V^-Max 

PS = V IH , All other 
inputs = GND 


45 


45 


mA 


»cc 


Supply Current 
(enabled) 


V pc = Max 
Aliinputs = Gnd 


170 


170 


mA 




Address Access Time 


C L = 30 pF* 

R1 =300QtoV cc 

R2 = 600Q to GND, 16 mA Load 


75 


90 


ns 


V 


Enable Access Time 


80 


95 


ns 




Enable Recovery Time 


45 


45 


ns 


P D 


Power Dissipation 
(Disabled) 




248 


248 


mW 


P D 


Power Dissipation 
(Enabled) 




935 


935 


mW 



'See AC Test Load Circuit and Switching Waveforms 



Ordering Information 



Operating Temperature 
Package Range 



Part Type 



R29653DM 


D 


-55°Cto+125°C 


R29653DM/883B 


D 


-55°Cto+125°C 


R29653DMS 


D 


-55°Cto+125°C 


R29653ADM 


D 


-55°Cto+125°C 


R29653ADM/883B 


D 


-55°Cto+125°C 


R29653ADMS 


D 


-55°Cto+125°C 



Notes: 

/883B suffix denotes MIL-STD-883, Level B processing 
S suffix denotes Level S processing 
D * 18-lead wide ceramic DIP 



Pin Out Information 

Dual In-Llne Package 



Vcc 

n 


A 7 

n 


A 8 

n 


Ag 

n 


Oi 

n 


ft 


o 3 
n 


o 4 
.rn 


PS 

n 


18 


17 


16 


15 


14 


13 


12 


11 


10 


1 


2 


3 


4 


5 


6 


7 


8 


9 


L_l 
A e 


I I 

A 5 


I I 

A 4 


LJ 

A 3 


LJ 
Ac 


LJ 
Ai 


LJ 
A 2 


LJ 
A10 


1 1 

Gnd 



Block Diagram 




A, 
A 2 
A 3 
A 4 



5 


1of32 
Multiplexers 
(4) 


6 


7 


4 


3 











PS. 



Output 
Drivers (4) 

14 13 12 11 I 



I I I 

Oi 0 2 O3 O4 



Pin 10 is also the programming pin (pp) 



65-1326 



For More information, call 1-800-722-7074. Raytheon Semiconductor 



3-913 



R296XX/R297XX 



2048 X 8 PROM — R29681/R29681 A 
Power and AC Characteristics Over Operating Range 

ICC conforms to MIL-STD-883, Group A, Subgroups 1 , 2 and 3 
AC parameters conform to MIL-STD-883, Group A, Subgroups 9, 10 and 1 1 



Param- 






Maximum Limits 




eter 


Description 


Test Conditions 


R29681AM 


R29681M 


Units 


loo 


Power Supply Current 


= Max 
All inputs = Gnd 


180 


180 


mA 


t*A 


Address Access Time 


C L = 30 pF* 


70 


100 


ns 


»EA 


Enable Access Time 


RI-SOOQtoV^ 


45 


50 


ns 


*ER 


Enable Recovery Time 


R2 - 600Q to GND, 16 mA Load 


35 


45 


ns 


P D 


Power Dissipation 




990 


990 


mW 



*See AC Test Load Circuit and Switching Waveforms 



Ordering Information 

Operating Temperature 
Part Type Package Range 



R29681DM 


D 


-55°Cto+125°C 


R29681DM/883B 


D 


-55°CtO+125°C 


R29681DMS 


D 


-55°Cto+125°C 


R29681LM 


L 


-55°Cto+125°C 


R29681LM/883B 


L 


-55°Cto+125°C 


R29681LMS 


L 


-55°Cto+125°C 


R29681SM 


S 


-55°Cto+125°C 


R29681SM/883B 


S 


-55°Cto+125°C 


R29681SMS 


S 


-55°CtO+125°C 


R29681ADM 


D 


-55°Cto+125°C 


R29681ADM/883B 


D 


-55°Cto+125°C 


R29681ADMS 


D 


-55°Cto+125°C 


R29681ALM 


L 


-55°CtO+125°C 


R29681ALM/883B 


L 


-55°Cto+125°C 


R29681ALMS 


L 


-55°Cto+125°C 


R29681ASM 


S 


-55 0 Cto+125°C 


R29681ASM/883B 


S 


-55°Cto+125°C 


R29681ASMS 


S 


-55°Cto+125°C 



Notes: 

/883B suffix denotes MIL-STD-883, Level B processing 

S suffix denotes Level S processing 

D ■ 24-lead .600 wide ceramic DIP 

L - 28-terminal ceramic leadless chip carrier 

S * 24-lead .,300 wide side-brazed ceramic DIP 

Contact factory regarding flat pack package 



Pin Out Information 

Uadleea Chip Carrier (28-Termlnal) 



A, A. A, NC %e A. A, 

4 S X 1 28 37 24 




12 1314 ISM 17 1 
0« Q J GndNC0 4 0,Q 1 

Pin 24 h dw> tie programming pin (pp) 

DuaMn-Urw 
Available In 0.3" and QJtr Wide Package* 

MCCAB A9 Al0CSlCJteCS3 0» 07 OS 06 04 



II II II II II II I I II I I I I I II I 

_____ ___________ 



ULL -L lL -!j -J LL -J -------- 

~ ' A« As A4 A3 A 2 Al A« Oi 0_ o. Gii- 



Pin 20 la also the programming ph (pp) 



Block Diagram 



A 4 — ± 

A 5 _3 

A 6 2 

A 7 — L 

A a _i_ 

A 9 -_2_. 



1 of 128 






Decoder 





-N 
V 



Matrix 



A.. 

A,- 
A 2 - 
A 3 - 



_ 



1of16 
Multiplexers 
(8) 



CS, . 

CS3 ' 



_€> 



Output 
Drivers (8) 

9 10111314151617 



TIT 



3-914 



Raytheon Semiconductor 



For More Information, call 1-800-722-7074. 



R296XX/R297XX 



2048 x 8 SPROM — R29683/R29683A 

Power and AC Characteristics Over Operating Range 

ICC conforms to MIL-STD-883, Group A, Subgroups 1, 2 and 3. 

AC parameters conform to MIL-STD-883, Group A, Subgroups 9, 10 and 1 1. 



Param- 






Maximum Limits 




eter 


Description 


Test Conditions 


R29683AM 


R29683M 


Units 


IqCD 


Power Down, Supply 

v^urreni luisauiouj 


V C£L =Max 

DC _ \/ All nthar inm i+o _ r*5Mn 

ro — V| H , mm oiner inputs » vaiNU 


50 


50 


mA 


Ice 


Supply Current 
(enabled) 


Vcc = Max 

All inputs = Gnd 


180 


180 


mA 


t« 


Address Access Time 


C L = 30pF* 


70 


105 


ns 


tot 


Enable Access Time 


R1 = 300ft to 


85 


105 


ns 


tER 


Enable Recovery Time 


R2 = 600Q to GND, 1 6 mA Load 


45 


50 


ns 


Pd 


Power Dissipation 
(Disabled) 




275 


275 


mW 




Power Dissipation 
(Enabled) 




990 


990 


mW 



*See AC Test Load Circuit and Switching Waveforms 



Ordering Information 



Pin Out Information 

Leadless Chip Carrier (28-Termlnaf) 







Operating Temperature 


Part Type 


Package 


Range 


R29681DM 


D 


-55°Cto+125°C 


R29681DM/883B 


D 


-55°Cto+125°C 


R29683DMS 


D 


-55°Cto+125°C 


R29683LM 


L 


-55°Cto+125°C 


R29683LM/883B 


L 


-55°Cto+125°C 


R29683LMS 


L 


-55°Cto+125°C 


R29683SM 


S 


-55°Ct0+125°C 


R29683SM/883B 


S 


-55°Cto+125°C 


R29683SMS 


S 


-55°Cto+125°C 


R29683ADM 


D 


-55°Cto+125°C 


R29683ADM/883B 


D 


-55°Cto+125°C 


R29683ADMS 


D 


-55°Cto+125°C 


R29683ALM 


L 


-55°Cto+125°C 


R29683ALM/883B 


L 


-55°Ct0+125°C 


R29683ALMS 


L 


-55°Cto+125°C 


R29683ASM 


S 


-55°Cto+125°C 


R29683ASM/883B 


S 


-55°Cto+125°C 


R29683ASMS 


S 


-55°Cto+125°C 




1* 13 14 15 16 17 16 
CbCkGndNCO«OkOk 
Pin 24 is also tw programming pin (pp) 

DuaMn-Llne 
Available In 0 J" and 0.6" WW* Packages 

Vcc A g A, A, 0 ps, PS2PS1 O, O7 O. 0» O4 



1 2 3 4 S 6 7 6 9 10 11 12 



Cj uuuuuuuuuuu 
A, 7, A, A 4 A, A, *1 A, O, O, O, aid 

Pin 20 is also (he programming pin (pp) ss^ic 

Block Diagram 



A 4 

A 6 

A 6 
A? 

A.-22-J 
A» 

Aw 



1 of 128 
Decoder 



A 

■v 



128x128 
Memory 
Matrix 



Notes: 

/883B suffix denotes MIL-STD-883, Level B processing 

S suffix denotes Level S processing 

D = 24-lead .600 wide ceramic DIP 

L = 28-terminal ceramic leadless chip earner 

S = 24-lead, .300 wide side-brazed ceramic DIP 

Contact factory regarding flat pack package 



a 0 - 

Ai. 

a 2 - 

A a . 



31 



1 of 16 
Multiplexers 



PS 3 - 



3^1 



Output 
Drivers (8) 



9 10 11 1314151617 

MINIM 

•-MlltlOBN* 

oooooooo 

65-0129 



For More Information, call 1-800-722-7074. 



Raytheon Semiconductor 



3-915 



R296XX/R297XX 



4096 x 8PROM-R29771 

Power and AC Characteristics Over Operating Range 

L. conforms to MIL-STD-883, Group A, Subgroups 1, 2 and 3. AC parameters conform to MIL-STD-883, Group A, 



Parameter 


Description 


Test Conditions 


Maximum Limits 
R29771M 


Units 


'cc 


Power Supply Current 


- Max 

All Inputs GND 


190 


mA 


<AA 


Address Access Time 


C L = 30 pF* 
R1 -SOOQtoV^ 
R2 = 600Q to GND 
16 mA Load 


65 


ns 


tEA 


Enable Access Time 


35 


ns 


t E R 


Enable Recovery Time 


35 


ns 


P D 


Power Dissipation 




1.04 


W 



'See AC Test Load Circuit and Switching Waveforms 



Ordering Information 







Operating Temperature 


Part Type 


Package 


Range 


R29771DM 


D 


-55°Cto+125°C 


R29771DM/883B 


D 


-55°Cto+125°C 


R29771DMS 


D 


-55°CtO+125°C 


R29771FM 


F 


-55°Cto+125°C 


R29771FM/883B 


F 


-55°Cto+125°C 


R29771FMS 


F 


-55°Ct0+125°C 


R29771LM 


L 


-55°CtO+125°C 


R29771LM/883B 


L 


-55°Cto+125°C 


R29771LMS 


L 


-55°Cto+125°C 


R29771SM 


S 


-55°CtO+125°C 


R29771SM/883B 


S 


-55°Cto+125°C 


R29771SMS 


S 


-55°CtO+125°C 



Notes: 

/883B suffix denotes MIL-STD-883, Level B processing 

S suffix denotes Level S processing 

D - 24-lead .600 wide ceramic DIP 

F - 24-lead ceramic bottom-brazed flat pack 

L - 28-terminal ceramic leadless chip carrier 

S - 24-lead, .300 wide side-brazed ceramic DIP 



Pin-Out Information 

Load lew Chip Carrier (28-Termlnal) 




12 13 14 IS 16 171* 
0,0,andNC0 4 O f O ( 

Pin 24 is alto Mm programming pin (pp) 

DuaMn-Une Package 
Available In 0.3" and 0.6" Wide Packages 

Vcc A. A, A„ £5. A„ CS, O. O, O, O. O4 
1—1 r—i r—% r— i r-*i r— 1 r—i r—i r— 1 r— i 



84 S3 22 (1 M 19 1» 



A T A, A a A« A, A, A, A. O, O t O, God 

Pin 20 i« also the programrring pin (pp) 



Block Diagram 



A 8 — 2. 
A.— I 

A 7 1 

A 23 , 

A10- 



21 



1 of 128 
Decoder 



128 x 256 
Memory 
Matrix 



0 0 


1 of 32 


h 




s 


Multiplexers 
(8) 


: — 







cs,- 
cs 2 . 



so 



Output 
Drivers (8) 

9 10111314151617 



TT 



oooooooo 

45-0126 



3-916 



Raytheon Semiconductor 



For More Information, call 1-800-722-7074. 



R296XX/R297XX 



4096 X 8SPROM — R29773 

Power and AC Characteristics Over Operating Range 

^ conforms to MIL-STD-883, Group A, Subgroups 1, 2 and 3. 

AC parameters conform to MIL-STD-883, Group A, Subgroups 9, 10 and 11 









Maximum Limits 




Parameter 


Description 


Test Conditions 


R29773M 


Units 


'ceo 


Power Down, Supply 


V cc = Max,PS = V 1H , 


55 


mA 




Current (disabled) 


All other inputs = GND 






'cc 


Supply Current (enabled) 


= Max, All inputs = Gnd 


190 


mA 


tAA 


Address Access Time 


C L = 30 pF* 


65 


ns 


Va' 


Enable Access Time 


R1 = 300ft to 


115 


ns 




Enable Recovery Time 


R2 = 600Q to GND, 1 6 mA Load 


35 


ns 


P D 


Power Dissipation (Disabled) 




303 


mW 




Power Dissipation (Enabled) 




1.04 


W 



*See AC Test Load Circuit and Switching Waveforms 

Ordering Information 

Operating Temperature 



Part Type 


Package 


Range 


R29773DM 


D 


-55°Cto+125°C 


R29773DM/883B 


D 


-55°Cto+125°C 


R29773DMS 


D 


-55°CtO+125°C 


R29773FM 


F 


-55°CtO+125°C 


R29773FM/883B 


F 


-55°Cto+125°C 


R29773FMS 


F 


-55°Cto+125°C 


R29773LM 


L 


-55°Cto+125°C 


R29773LM/883B 


L 


-55°CtO+125°C 


R29773LMS 


L 


-55°CtO+125°C 


R29773SM 


S 


-55°Cto+125°C 


R29773SM/883B 


S 


-55°Cto+125°C 


R29773SMS 


S 


-55°CtO+125°C 



Notes: 

/883B suffix denotes MIL-STD-883, Level B processing 

S suffix denotes Level S processing 

D = 24-lead .600 wide ceramic DIP 

F = 24-lead ceramic bottom-brazed flat pack 

L = 28-terminal ceramic leadless chip carrier 

S * 24-lead, .300 wide side-brazed ceramic DIP 

Contact factory regarding flat pack package 



Pin Out Information 

UadtoM Chip Carrier (28-T»rmlnaI) 




12 IS 14 IS 1S 17 18 
O, O,0nd NCOtOkO, 

Pin 24 it also tho programming pin (pp) 

DuaMn-Llne/Flat Pack Package 
Available In 0.3" and OJBT Wide Paokagaa 

Voc A t A, An PS, A 1( PS. O, Or O, Of O, 

nnnniinrinnnnn 



H n a II M It 11 17 11 16 14 19 



A ( Oi Of Of M 

Pin 20 is also the programming pin (pp) os 



Block Diagram 




o 
7 


1 of 32 
Multiplexers 
(8) 




5 


4 






J 





PS t - 
PS 2 - 



Output 
Drivers (8) 

910111314151617 



NT 



For More Information, call 1-800-722-7074. 



Raytheon Semiconductor 



3-917 



R296XX/R297XX 



8196X8PROM-R29791 

Power and AC Characteristics Over Operating Range 

conforms to MIL-STD-883, Group A, Subgroups 1 , 2 and 3. 
AC parameters conform to MIL-STD-883, Group A, Subgroups 9, 10 and 1 1 









Maximum Limits 




Parameter 


Description 


Test Conditions 


R29791M 


Units 


^cc 


Power Supply Current 


- Max, All Inputs GND 


190 


mA 


tAA 


Address Access Time 


C L = 30 pP 


75 


ns 


tEA 


Enable Access Time 


m -sooatov^ 


30 


ns 


t E R 


Enable Recovery Time 


R2 - 600Q to GND, 16 mA Load 


30 


ns 


P D 


Power Dissipation 




1.04 


W 



Note: 

I.See AC Test Load Circuit and Switching Waveforms 



Ordering Information 







Operating Temperature 


Part Type 


Package 


Range 


R29791DM 


D 


-55°Cto+125°C 


R29791DM/883B 


D 


-55°Cto+125°C 


R29791DMS 


D 


-55°Cto+125°C 


R29791FM 


F 


-55°Cto+125°C 


R29791FM/883B 


F 


-55°Cto+125°C 


R29791FMS 


F 


-55°CtO+125°C 


R29791SM 


S 


-55°CtO+125°C 


R29791SM/883B 


S 


-55°Cto+125°C 


R29791SMS 


S 


-55°Cto+125°C 



Notes: 

/883B suffix denotes MIL-STD-883, Level B processing 

S suffix denotes Level S processing 

D ■ 24-lead .600 wide ceramic DIP 

F ■ 24-lead ceramic bottom-brazed flat pack 

S = 24-lead, .300 wide side-brazed ceramic DIP 



Block Diagram 



a 5 a. 

A 6 2 

A 7 L 

A a _23_] 
A fl " 
Aio 
An 

A12-1SJ 



1 of 256 
Decoder 



256 X 256 
Memory 
Matrix 



o - -, „ .0 


1 of 32 
Multiplexers 


¥ 




5 


: 4 


(8) 







Ik 



Output 
Drivers (8) 

9 10111314151617 



II II I II I 



Pin-Out Information 

Dual-ln-Llne/Flat Pack Package 
Available In 0.3" and 0.6" Wide Packages 



Vcc 

. n 


Aa 
JZL 


A» 

JZL 


Aio 
JZL 


cs 
JZL 


A„ 
JZL 


Ai 2 O s 0 7 Oe Os 

n n n n n 


04 


24 


23 


22 


21 


20 


19 


18 17 16 15 14 


13 


1 


2 


3 


4 


5 


6 


7 8 9 10 11 


12 


TT 

A 7 


xzr 

A. 


TT 

As 


TZT 

A* 


TZT 

A 3 


TZT 

A 2 


luooizro" 

A, A 0 O, 0 2 O a 


LJ 

Gnd 



Pin 20 is also the programming pin (pp) 



65-4062A 



3-918 



Raytheon Semiconductor For More Information, call 1-800-722-7074. 



R296XX/R297XX 



8192x8SPROM — R29793 

Power and AC Characteristics Over Operating Range 

l^. conforms to MIL-STD-883, Group A, Subgroups 1 , 2 and 3. 

AC parameters conform to MIL-STD-883, Group A, Subgroups 9, 1 0 and 1 1 









Maximum Limits 




Parameter 


Description 


Test Conditions 


R29793M 


Units 


'ccd 


Power Down, Supply 
Current (disabled) 


V cc = Max,PS^V IH , 
All other inputs = GND 


50 


mA 


'<* 


Supply Current (enabled) 


= Max, All inputs = Gnd 


190 


mA 




Address Access Time 


C L = 30 pF* 


75 


ns 




Enable Access Time 


R1 = 300O to 


125 


ns 




Enable Recovery Time 


R2 = 600Q to GND, 1 6 mA Load 


30 


ns 


Ed 


Power Dissipation (Disabled) 




275 


mW 




Power Dissipation (Enabled) 




1.04 


W 



"See AC Test Load Circuit and Switching Waveforms 



Ordering Information 







Operating Temperature 


Part Type 


Package 


Range 


R29793DM 


D 


-55°Cto+125°C 


R29793DM/883B 


D 


-55°Cto+125°C 


R29793DMS 


D 


-55°Cto+125°C 


R29793FM 


F 


-55°Cto+125°C 


R29793FM/883B 


F 


-55°CtO+125°C 


R29793FMS 


F 


-55°Cto+125°C 


R29793SM 


S 


-55°Cto+125°C 


R29793SM/883B 


S 


-55°Cto+125°C 


R29793SMS 


S 


-55°Cto+125°C 



Notes: 

/883B suffix denotes MIL-STD-883, Level B processing 

S suffix denotes Level S processing 

D = 24-lead .600 wide ceramic DIP 

F = 24-lead ceramic bottom-brazed flat pack 

S = 24-lead, .300 wide side-brazed ceramic DIP 



Pin Out Information 

Dual-ln-Llne/Flat Pack Package 
Available In 0.3" and 0.6" Wide Packages 



Vcc A, 



A 9 A 10 ps A„ Ai 2 O a 0 7 Oe 0 5 O4 

r-irnr-ir-ir-ir-ir-ir-ir-i 




1 2 3 4 5 6 7 8 9 10 11 12 

uuuuuuuuuuuu 

A 7 A« A 5 A 4 A 3 A 2 A t A 0 O t 0 2 0 3 Gnd 



Pin 20 is also the programming pin (pp) 
For More Information, call 1-800-722-7074. 



Block Diagram 
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A f — 
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Multiplexers 
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65-4072A 

Raytheon Semiconductor 



3-919 



R296XX/R297XX 



AC Test Load Circuit 



vcc o — cr^b- 

S1 



Output O- 



R1 
300 



R2 

600ft 



65-4059 

Notes: 

1 . t M is tested with switch S, closed and C L « 30 pF. 

2. t^ is tested with C L ■ 30 pF; S, is open for high impedance to T test and closed for high impedance to "0" test. 

3. t ER is tested with C L - 5 pF; S, is open for T to high impedance test and measured at -0.5V output level and is closed 
for "0" to high impedance test and measured at +0.5V output level. 



Switching Waveforms 



A 0 -A n 



0,-C) 



EA *< > 



3.0V 

1.5V 

0V 

3.0V 

1.5V 

0V 

Vqh 
1.5V 
Vol 



Keys to Timing Diagram 



Waveforms 


Inputs 


Outputs 




Must be 
Steady 


Will be 
Steady 


v\ nr 

fli 


Don't Care. 
Any Change 
Permitted 
Does Not 
Apply 


Changing State 
Unknown 

Center Line is 
High Impedance 
Off State 



3-920 



Raytheon Semiconductor For More Information, call 1-800-722-7074. 



R296XX/R297XX 



Dynamic Life Test/Burn-In Circuits 

In accordance with MIL-STD-883, Methods 
1005/1015, Condition D 

T A =125 + i° °C minimum 
V cc = 5.25 ±0.25V 

Square Wave Pulses on A 0 to A n are: 
50% ±10% duty cycle 
Frequency of each address is to be 
1/2 of each preceding input, 
with A 0 beginning at 100 kHz 
(e.g., A 0 = 100 kHz ±10%, 
A 1 = 50 kHz ±10%, 
A 2 = 25 kHz ±10%, 



Dynamic Burn-In 



Ai \z 

A 3 -vs/v-ti 

A 4 -AAAr{£ 

i<VccO— <hWV{8 



r 



1 



19] A e -j- 

ijfl A 7 *=" 

17] A 6 

ie}-AAAr- A 5 
i£pWV- A 9 
HpNAAr-i 

ii]-AV\H>— OVbb^Vcc 
i2pW\rH» 



R29621/621A 
R29623/623A 



An = 1/2An-1 ±10%, etc.) 
Resistors are optional on input pins 
(R = 300Q±10%) 




Dynamic Burn-In 



R29631/631A 
R29633/633A 
R29681/681A 
R29683/683A 
R29771 
R29773 
R29791 
R29793 



A 6 

A 6 -AAV{2 
A4- i WV-{3 
A 3 -AAAr£ 
Ao-AM^F 
Ai -AAAr{e 
A 2 -W\r{[ 
A 10 -AAAr{i 

-E 



r 



18} 
16V- 



1 



A 8 - 

15pWV- A 9 
13pW\r>~»0 V BB< V CC 

i2pW\r<> 
iopVW-A^ 



R29651/651A 
R29653/653A 



65-4064 



65-4063 



For Mora information, call 1-800-722-7074. Raytheon Semiconductor 



3-921 



R296XX/R297XX 



Static Life Test/Burn-In Circuits 

In accordance with MIL-STD-883, Methods 
1005/1015, Condition C 

_ ^^-+10 . . 
T A = 125.0 °C minimum 

V cc = 5.25V +0.25V 

Resistors are optional on input pins 
(R = 300Q±10%) 



Static Burn-In 



Vcc 
Q 



^wv-[T 

— vw-JT 
— vw-|T 

<- WV-(7 
-A/W-{7l 



22J-VW" 

2i]-AW 



R29631/631A 

R29633/633A 

R29681/681A 

R29683/683A 

R29771 

R29773 

R29791 

R29793 



Static Burn-In 



Vcc 
Q 



-AV\r-[£ 
-AAAr-|T 

pi 



m — 

iTJ-VSAr 
TTJ-AAAr 



R29651/651A 
R29653/653A 



Static Burn-In 







20] ► 














~vw-[7 












^W\r-|T 






^vw-)7 


















I — E£ 




TTJ-AW- 



R29621/621A 
R29623/623A 



3-922 



Raytheon Semiconductor For More Information, call 1-800-722-7074. 



R296XX/R297XX 



Programming Characteristics 



Address 



TTLHigh 



TTL Low 




Strobe 



TTL High 
TTL Low 



— V-6.0V 
4.2V-A f 




R296XX Series 

T R = 0.34V/uS Min. — 1.25V/uS Max. 
T PP m 80 uS Min. — 1 10 uS Max. 
T P = 1 uS Min. — 40 uS Max. 
Tdi ■ 70 uS Min. — 90 uS Max. 
T D2 = 100 nS Min. 
V PP = 27V Min. — 33V Max. 
Vqut = 20V Min. — 26V Max. 



R297XX Series 

T R = 0.34V/uS Min. — 1.25V/uS Max. 
Tpp - 70 uS Min. — 120 uS Max. 
T P - 20 pS Min. — 40 \iS Max. 
T D i - 60 pS Min. — 100 pS Max. 
T D 2= 100 nS Min. 
V PP = 26V Min. — 28V Max. 
Vqut = 22V Min. — 24V Max. 



Notes: 

Output Load = 0.2 mA During 6.0V Check 
Output Load = 12 mA During 4.2V Check 
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Programming Timing 



Device Programming Inputs 

If you would like to have Raytheon program your devices, please submit one of the following: 

♦ Two masters and truth table 

♦ Two masters and checksum 

In either case, we require customer approval prior to programming the devices. 

If you need blank devices in order to supply programming masters, please do not hesitate to contact Raytheon for 
unprogrammed samples. 



For More Information, call 1-800-722-7074. 
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R296XX/R297XX 



Commercial Programmers (subject to 
change) 

Equipment must be calibrated at regular intervals. Each 
time a new board or a new programming module is 
inserted, the whole system should be checked. Both 
timing and voltages must meet published specifications 
for the device. 

Please contact the following manufacturers for 
equipment information: 

Data I/O Corp. 
10525 Willows Road, N.E. 
P.O.Box 97046 
Redmond, WA 98073-9746 
(800) 247-5700 

Stag Microsystems Inc. (R296XX Series) 
1600 Wyatt Drive, Suite 3 
Santa Clara, CA 95054 
(408)988-1118 



Commercial Surface Mount Socket 
Adapter Manufacturer (subject to 
change) 

Please contact the following manufacturer for equipment 
information: 

Emulation Technology, Inc. 
2344 Walsh Avenue, Bldg. F 
Santa Clara, CA 95051 
(408) 982-0660 

The companies listed above are not intended to be a 
complete guide of manufacturers of programmers or 
adapters, nor does Raytheon endorse any specific 
company. 
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Small Signal TVansistors (Hermetic Seal) 



Raytheon Semiconductor offers a wide variety of industry 
standard and sole source high reliability (JAN, JANTX, 



JANTXV) Small Signal Transistors. These transistors are 
available in a variety of hermetic seal packages (T018, 
T039, T046, T072, T077, T078, T086). 



Product 


Description 


Package 


JAN 


JANTX 


JANTXV 


2N0657** 


NPN General Purpose Amplifier 


T039 


X 






2N0697** 


NPN General Purpose Amplifier 


T039 


X 






2N0706** 


NPN Ultra High Speed Switch 


T018 


X 






2N0718A 


NPN General Purpose Amplifier 


T018 


X 


X 


X 


2N0720A** 


NPN General Purpose Amplifier 


T018 


X 


X 




2N0910** 


NPN General Purpose Amplifier 


T018 


X 






2N0918 


NPN UHF Amplifier 


T072 


X 


X 


X 


2N0930 


NPN Low Noise, High Gain Amplifier 


T018 


X 


X 




2N1131** 


PNP General Purpose Amplifier 


T039 


X 






2N1132** 


PNP General Purpose Amplifier 


T039 


X 






2N1613** 


NPN Medium Current General Purpose Amplifier 


T039 


X 


X 


X 


2N1711** 


NPN General Purpose Amplifier 


T039 


X 


X 




2N1890** 


NPN General Purpose Amplifier 


T039 


X 


X 




2N1893** 


NPN General Purpose Amplifier 


T039 


X 






2N2060 


NPN Differential Amplifier 


T077 


X 


X 


X 


2N2219A 


NPN Medium Current General Purpose Amplifier 


T039 


X 


X 


X 


2N2222A 


NPN Medium Current General Purpose Amplifier 


T018 


X 


X 


X 


2N2369A 


NPN Ultra High Speed Switch 


T018 


X 


X 


X 


2N2484 


NPN Low Level Low Noise High Gain Amplifier 


T018 


X 


X 


X 


2N2605 


PNP Low Level Low Noise High Gain Amplifier 


T046 


X 


X 


X 


2N2905A 


PNP Medium Current General Purpose Amplifier 


T039 


X 


X 


X 


2N2907A 


PNP Medium Current General Purpose Amplifier 


T018 




X 


X 


2N2919** 


NPN Low Noise High Gain Differential Amplifier 


T077 




X 




2N2920 


NPN Low Noise High Gain Differential Amplifier 


T077 


X 


X 


X 


2N2945A** 


PNP Chopper 


T046 


X 


X 


X 


2N2946A** 


PNP Chopper 


T046 


X 


X 


X 


2N3019 


NPN General Purpose Amplifier 


T039 


X 


X 


X 


2N3057A** 


NPN General Purpose Amplifier 


T046 


X 


X 


X 


2N3250A** 


PNP Low Level Gen Purpose Amp & Switch 


T018 




X 


X 


2N3251A 


PNP Low Level Gen Purpose Amp & Switch 


T018 


X 


X 


X 


2N3467 


PNP Core Driver 


T039 




X 


X 


2N3485A** 


PNP Med Current Gen Purpose Amplifier 


T046 


X 


X 




2N3486A 


PNP Med Current Gen Purpose Amplifier 


T046 


X 


X 




2N3498** 


PNP High Voltage Gen Purpose Amplifier 


T039 


X 


X 




2N3499** 


NPN High Voltage Gen Purpose Amplifier 


T039 


X 


X 





Designates Sole Source 
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Small Signal Transistors 



Product 


Description 


Package 


JAN 


JANTX 


JANTXV 


2N350CT 


NPN High Voltage Gen Purpose Amplifier 


T039 


X 


X 


X 


2N3501 


NPN High Voltage Gen Purpose Amplifier 


T039 


X 


X 


X 


2N3634 


PNP High Voltage Gen Purpose Amplifier 


T039 






X 


2N3635 


PNP High Voltage Gen Purpose Amplifier 


T039 


X 


X 


X 


2N3636 


PNP High Voltage Gen Purpose Amplifier 


T039 


X 


X 


X 


2N3637 


PNP High Voltage Gen Purpose Amplifier 


TQ39 


X 


X 


X 


2N3700 


NPN General Purpose Amplifier 


T018 


X 


X 


X 


2N3735 


NPN High Current High Speed Switch Core Driver 


T039 


X 


X 


X 


2N3737 


NPN High Current High Speed Switch Core Driver 


T039 


X 


X 


X 


2N3762** 


PNP High Current High Speed Switch Core Driver 


T039 






X 


2N3763** 


PNP High Current High Speed Switch Core Driver 


T039 






X 


2N3810 


PNP Low Noise High Gain Differential Amplifier 


T078 


X 


X 


X 


2N3811 


NPN Low Noise High Gain Differential Amplifier 


T078 


X 


X 


X 


2N3866 


NPN RF Amplifier 


T039 


X 


X 


X 


2N3866A* 


NPN RF Amplifier 


T039 


X 


X 


X 


2N4029 


PNP General Purpose Amplifier 


T039 


X 


X 


X 


2N4033 


PNP General Purpose Amplifier 


T039 


X 


X 


X 


2N4449 


NPN Ultra High Speed Switch 


T046 


X 


X 


X 


2N4854 


NPN/PNP Complementary Dual 


T078 


X 


X 


X 


2N5109 


NPN RF Amplifier 


T039 


X 


X 




2N5794 


Dual NPN Med Current General Purpose Amp 


T078 




X 


X 


2N5795 


Dual NPN Med Current General Purpose Amp 


T078 






X 


2N5796 


Dual NPN Med Current General Purpose Amp 


T078 




X 




2N6987 


Quad PNP Med Current General Purpose Amp 


T0116 


X 


X 


X 


2N6988 


Quad PNP Med Current General Purpose Amp 


T086 


X 


X 


X 


2N6989 


Quad NPN Med Current General Purpose Amp 


T0116 


X 


X 


X 


2N6990 


Quad NPN Med Current General Purpose Amp 


TQ86 


X 


X 


X 


SP2219AF 


Dual NPN Med Current General Purpose Amp 


T089 








SP2219AQF 


Quad NPN Med Current General Purpose Amp 


T086 








SP2484F 


Dual NPN Low Noise, High Gain Amp 


T089 








SP2484QD 


Quad NPN Low Noise, High Gain Amp 


T0116 








SP2484QF 


Quad NPN Low Noise, High Gain Amp 


T086 








SP2605F 


Dual PNP Low Noise, High Gain Amp 


T089 








SP2605QF 


Quad PNP Low Noise, High Gain Amp 


T086 








SP2905AF 


Dual PNP Med Current General Purpose Amp 


T089 








SP2905AQD 


Quad PNP Med Current General Purpose Amp 


T0116 








SP2905AQF 


Quad PNP Med Current General Purpose Amp 


T086 








SP3019QF 


Quad NPN General Purpose Amp 


T086 








SP3467F 


Dual PNP High Current, High Speed Switch 


T089 








SP3467QD 


Quad PNP High Current, High Speed Switch 


T0116 








SP3467QF 


Quad PNP High Current, High Speed Switch 


T086 








SP3724F 


Dual NPN High Current, High Speed Switch 


T089 








SP3724QD 


Quad NPN High Current, High Speed Switch 


T0116 








SP3724QF 


Quad NPN High Current, High Speed Switch 


T086 








SP3725F 


Dual NPN High Current, High Speed Switch 


T089 








SP3725QD 


Quad NPN High Current, High Speed Switch 


T0116 








SP3725QF 


Quad NPN High Current, High Speed Switch 


T086 
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ASIC 



Section 4 

Analog/Mixed-Signal Application Specific 
Integrated Circuits 



Raytheon Semiconductor is a major supplier of high 
accuracy and high performance analog and mixed-signal 
ASICs with High Speed Bipolar and CBiCMOS processes. 
These high performance products are available for 
customer specific products for both commercial and 
military applications such as: 

♦ ATE Pin drive and sense electronics 

♦ Video/multimedia products 

♦ Data acquisition products 

♦ RF/IF communications products 

♦ High speed data communications (FDDI, ESCON, 
Fiber Channel, ATM) 

♦ Power management circuitry 

When converting your discrete design into an ASIC, 
Raytheon's design engineers will use existing analog or 
digital (mixed-signal) cells from standard cell libraries. 



Under the VRSA-Tile (Versatile Raytheon Smart ASICs) 
concept, Raytheon supports full custom transistor level 
design, tile array design and standard cell design. These 
ASIC products are based on both complementary bipolar 
and CBiCMOS process technologies and are available in a 
variety of commercial/military DIP or surface mount pack- 
ages. 

A comprehensive, proven CAD system forms an integral 
part of Raytheon Semiconductor's VRSA-Tile design 
methodology. Front end design such as Schematic Capture 
and Circuit Simulation are linked in software to Layout, 
Design Verification and Testing, sharing a common data- 
base for error-free designs. The resulting prototypes, as well 
as production parts, are manufactured and assembled at 
Raytheon facilities with particular emphasis on timely 
delivery of quality products. 



ASIC Process Technologies 



Features 


High Voltage 
32 Volt Bipolar 


CBiCMOS 


CBiP 


Units 


BV CE0 


32 


12 


12 


Volts 


NPN (f T ) 


0.5 


4.0 


4.0 


GHz 


Minimum Geometries 


(18x23) 


(2x3) 


(2x3) 


jum 


NMOS (Drawn) 




2.5 




jjm 


PNP (f T ) Vertical 




1.5 


1.5 


GHz 


Minimum Geometries 


(18x23) 


(2x3) 


(2x3) 


Mm 


PMOS (Drawn) 




2.5 




jjm 


CMOS 1X (Inverter Gate Delay) 




1.0 


1.0 


ns 


P-Channel JFET 


Yes 








SiCr Resistors 


Yes 


Yes 


Yes 




Matching 


1.5 


<1.0 


<1.0 


% max-match 


Tempco 


200 


50 


50 


ppm/°C 


Applied Voltage 


200 


200 


200 


Volts 


Tolerance 


±10 


±10 


±10 


Percent 


Zener Zap Capability 


Yes 


Yes 


Yes 




Schottky Diodes (AISi) 


Yes 


No 


No 




Schottky Diodes (PtSi) 


No 


Yes 


Yes 




Schottky Diodes <1 ns Response Time 


No 


Yes 


Yes 





For More Information, call 1-800-722-7074. 
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ASIC 



ASIC Product Offering 



Process Products 



32 Volt 




R LA 32V 

Bipolar Array 
Family 






Bipolar Process 


. — > 










i RFA120 
| 12-Tile FET Array 


RLDA80 






| 8-Tile 
[Mixed-Signal Array 



CBIP 
Complementary 
Bipolar Process 




RPA160 

16-Tile 
Complementary 
Bipolar Array 


► 



RPA90 
9-Tile Array 



CBiMOS 




RSC4000 




Complementary 




CBiP or CBiCMOS 




Bipolar + CMOS 


>• 


Standard Cell ICs 




Process 
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Available Design Methodologies 



Array 

32V & 12V CBiP 

Design review to prototypes: 
6-10 weeks 

First Silicon Success 

♦ Pre-designed macrocell library 

♦ Array foundation 

♦ Low risk, high confidence 


Standard Cell 

32V, 12V CBiP & CBiCMOS 

Design review to prototypes: 
14-16 weeks 

Improved Circuit Performance 

♦ Pre-designed standard cell 

♦ Smallest die for function (die, 
package) 

♦ Optimized layout 

♦ Better performance 

♦ Low power for small die 

♦ Optimized thermal gradients 


Full Custom 

32V, 12V CBiP & CBiCMOS 

Design review to prototypes: 
18-24 weeks 

Optimized Circuit Performance 

♦ Custom designed cells 

♦ Lowest thermal gradients 

♦ Optimized layout for function 

♦ Smallest die for function 

♦ Lowest power for die size 

♦ Lowest unit price for function 


♦ Fast circuit update, 2-4 weeks 

♦ 80% (max) array utilization 


♦ Circuit changes 6-8 weeks 

♦ Efficient utilization of all silicon 


♦ Circuit changes 1 2-1 4 weeks 

♦ Optimized utilization of silicon 


♦ Low development cost 

♦ Yearly volumes >50K units/yr. 


♦ Higher NRE than array 

♦ Yearly volumes >1 00K units/yr. 


♦ Highest NRE 

♦ Yearly volumes >1 00K units/yr. 
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ASIC 



ASIC CAD System 



Depending on circuit complexity and the number of digital 
gates required, PC based or workstation based tools may be 
used. In the PC environment, OrCAD is used for schematic 
capture and circuit simulations can be executed in PSpice or 
HSPICE. However, only a limited amount of digital logic can 
be handled in this manner before simulation run-times 
become excessive. 

The workstation tools are Cadence based, and either the 
Edge or the Artist package can be used for schematic 
capture. The Verilog tool is offered for mixed-signal 
applications requiring extensive digital circuitry. Mixed-mode 
simulations using Verilog employ HSPICE for analog 
simulations. Since circuit simulations are repeated by 
Raytheon to verify a customer's results, the same CAD 
environment is used wherever possible. 



Once the simulation results have been mutually accepted, the 
design moves to the Layout phase. Here, Cadence's Cell 
Ensemble tool is used. This layout tool extracts layout 
parasite that are inserted in the simulation models and 
simulations can be re-run, using this additional information. 

When simulation results are acceptable, Design Rule 
Checking (DRC, ERC) and Layout Verification (LVS) software 
is run prior to the start of mask making. If simulation results 
are not satisfactory, changes may have to be made to the 
layout in order to address observed problems and the cycle is 
repeated until the post-layout simulation results are 
acceptable. Only then will the design move on to mask 
making. Final simulations are used to generate the test 
program for the design. 



Design Flow 





P.C. Customer's 
Schematic Capture 
OrCAD 






W.S. Customer's 
Schematic Capture 
Cadence Edge or Artist 


\ 


\ 




P.C. Customer's 
Circuit Simulation 






W.S. Customer's 

Mixed Mode 
Circuit Simulation 
HSPICE/Verilog 




PSpice, HSPICE 




1 


1 



Raytheon's 
Schematic Capture, 
PC's OrCAD, 
Cadence Edge or Artist 



± 



Raytheon's Mixed-Mode 

Re-Simulation 
PC's SPpice or Cadence 
HSPICE and Verilog 



Raytheon's 
Parasitic Extraction 
Cadence 



± 



Raytheon's Layout 
and DRC, ERC, LVS 
Cadence Cell Ensemble 




Raytheon's 
Circuit Satisfies 




For More Information, call 1-800-722-7074. 
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32 Volt Linear Arrays (RLA Family) 

Bipolar junction isolated wafer fabrication is the basis for the 
linear macrocells listed below. This process employes 
projection-based photolithographic imaging, thin film etch 
definition and a two-layer interconnect technology. A 
dielectrically isolated SiCr resistor fabrication technique is 
used along with a conventional, low cost single layer 
personalization mask step. 



The basic unit of our linear arrays is the programmable 
differential gain block — the op amp or comparator. This 
albws custom tailoring of high level functions at a single 
macrocell location. Additional functions can be built by 
combining macrocells with the onboard transistors and 
resistors. 



RV 
BV CEO 


nacf*rlnf inn 

uescnpiiun 


C* /mint 




ri Ann 


RI A19A 
ni-M i c\j 


RI Alfifl 


RFA190 


Rl DAftf) 




1 j|Jo VjO maw UUoilo 




A 


O 
O 


4 


7 


Q 
o 


Q 
O 


32V 


TvDe NGS Macrocell 


500 MHz 

WWW IV II tim 


o 


o 


8 


8 


4 


o 


32V 


M VREF V-Reference 


500 MHz 


No 


No 


No 


Yes 


No 


Yes 


32V 


NPNS Transistors 


500 MHz 


37 


46 


39 


43 


71 


24 


32V 


NPNM Transistors 


500 MHz 


4 


0 


0 


0 


4 


4 


32V 


NPNL Transistors 


500 MHz 


0 


3 


4 


4 


0 


0 


32V 


PNPS Transistors 


4 MHz 


17 


19 


16 


10 


27 


12 




Digital Macros 




0 


0 


0 


0 


0 


18 




Small Digital Macro 




0 


0 


0 


0 


0 


19 




D-Latch Cell 




0 


0 


0 


0 


0 


16 




Digital I/O Cell 




0 


0 


0 


0 


0 


10 




Extra Current Source 




0 


0 


0 


0 


0 


0 




MNIMO 




3 


4 


4 


4 


4 


4 




SiCr Resistors (Total) 




66 


93 


196 


240 


262 


128 




Total Resistance 




1.6M 


2.7M 


4.5M 


5.7M 


6.2M 


3.1M 




Bonding Pads 




24 


24 


24 


44 


32 


46 



Analog Macrocells Available 

MOPA1 Basic Op Amp 

MOPA2 Ground Sensing Op Amp 

MOPA3 Class AB Op Amp 

MCMP1 Ground Sensing Comparator 

MCMP2 Open Emitter Comparator 

SW SPDT Analog Switch 

UNIREF Bandgap Reference 

DVREG Voltage Regulator 



Op Amps 

V 0S = ±1mVtyp. 
l 0S = 4nAtyp. 
Slew rates 0.7 V/jjs 
Gain bandwidth * 10 MHz 

Comparators 

V 0S = ±1mVtyp. 

I 0 s = 2 ° nAtv P- 
Response time 1 jus 



Digital Macrocells Available for RLDA80 

AND2 2 Input AND gate 

NOR2 2 Input NOR 

XNOR2 2 Input exclusive NOR gate 

DLP Positive gate D-latch 

DLN Negative gate D-latch 

DITC TTL/CMOS input cell 

DOTC Til/CMOS output cell 
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Precision Complementary Arrays (RPA Family) 



The RPA90 and RPA160 are a family of high speed analog 
customer specific ASICs. These arrays are fabricated on a 
precision high speed analog process (CBiP) with thin film 
resistors. The RPA90 has a fixed tile foundation in a 3 x 3 grid 
pattern, the RPA160 has a 4 x 4 pattern. Each tile has its own 



axis of symmetry to minimize parasitic and thermal gradients 
as shown below. By using the tile array's pre-designed and 
characterized analog macrocells, the risk associated with 
analog design is reduced. A listing of the available macrocells 
is located on the following page. 



Description 


f T (mIn) 


BV CE0 


Quantity/ 
Tile 


RPA160 
16 Tiles 


RPA90 
9 Tiles 


QN1S NPN Transistor with Schottky Clamp (1X) 


4 GHz 


13 Volts 


15 


240 


135 


QN5S NPN Transistor with Schottky Clamp (5X) 


4 GHz 


13 Volts 


3 


48 


27 


QN25S NPN Transistor with Schottky Clamp (25X) 


4 GHz 


13 Volts 


6 


96 


54 


QP1 PNP Transistor (1X) 


1.5 GHz 


15 Volts 


10 


160 


90 


QP5 PNP Transistor (5X) 


1.5 GHz 


15 Volts 


2 


32 


18 


QP25 PNP Transistor (25X) 


1.5 GHz 


15 Volts 


6 


96 


54 


DS1 Schottky Diode 






2 


32 


18 


MOS Capacitor, largest definable value of 1 pF 






2 


32 


18 


RTF1 SiCr Resistor (2.5K max. definable value) 






3 


48 


27 


RTF2 SiCr Resistor (15K max. definable value) 






6 


96 


54 


RTF1 SiCr Resistor (38K max. definable value) 






4 


64 


36 



QN1S QMS QMS QN1S QMS QNSS QN2S QN2S 

K-K-KK-KK < < UDD 

RTF3RTF3 RTF2 RTF2 RTF2 

QN1S QN1S QN1S QN1S QMS QN5S QN2S QN2S 



RTF1 RTF1 RTF1 



-K- -K- 



RB1 (X6) 



QP1 QP1 QP1 QP1 QP1 QP5 QP25 QP25 

~{C ~K ~1C ~K ~K ~K ~K ~K 



RTF2 RTF2 RTF2 



<<<<<< < < 

QP1 QP1 QP1 QP1 QP1 QP5 QP25 QP25 
< < < RBI (X6) 

I I I H( - < 

III CI DS1 QP25 

"K ~fC "tC ~tC 

QN1S QN1S QN1S QN1S QN1S QNSS QN2S QN2S 
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Precision Complementary Standard Cell Family (RSC4000) 



The RSC4000 Is a standard cell family which offers the 
designer a flexible, cost-effective, and low risk method for 
integrating systems requiring analog and mixed analog/digital 
functions. The standard cells utilize our Complementary 
BiCMOS process (CBiCMOS) with thin film resistors. 

The standard cell approach frees designers from the 
boundaries imposed by an array topology and lets them 
minimize the silicon area necessary to realize the desired 



system functionality. Individual cells are pre-defined and fully 
characterized, which minimizes the design risk associated 
with large VLSI designs and enables circuit densities which 
rival full custom implementations. 

Following is a list of some of the standard cells (RSC4000) 
and macrocells (RPA160, RPA90) available. 



Analog Standard Cells/Macrocells 






Std. Cell 


Macrocells 


Name 


Cell Description 


RSC4000 


RPA90 


RPA160 


Amplifiers 










AMP01 


35 MHz, Unity Stable, General Purpose Op Amp 


Yes 


Yes 


Yes 


AMP02 


30 MHz, Unit Gain Stable, Ground Sensing Op Amp 


Yes 


Yes 


Yes 


AMP03 


5 MHz, 2.5 nV/VHz, Precision Low Noise Op Amp 


Yes 


Yes 


Yes 


AMP04 


35 MHz, Unit Gain Stable, 5012 Drive Op Amp 


Yes 


Yes 


Yes 


AMP05 


160 MHz, Low Noise, Current Feedback Op Amp 


Yes 


Yes 


Yes 


HDA01 


800 MHz, Very High Speed Differential Amp 


Yes 


Yes 


Yes 


HDA02 


200 MHz, Low Noise, High Speed Differential Amp 


Yes 


Yes 


Yes 


VGA01 


250 MHz, Large Dynamic Range, Variable Gain (VGA) 


Yes 


Yes 


Yes 


Buffers 










BUF01 


150 MHz, 500 V/ps Slew Rate, High Performance Analog Buffer 


Yes 


Yes 


Yes 


BUF02 


200 MHz, 4000 V/ps Slew Rate, Ultra High Speed Buffer 


Yes 


Yes 


Yes 


BUF03 


>200 MHz Wide Power Bandwidth Product, Low Power Buffer 


Yes 


Yes 


Yes 


Comparators 










CMP01 


30 ns TTL/CMOS General Purpose Comparator 


Yes 


Yes 


Yes 


CMP02 


25 ns TTL/CMOS Single Supply Comparator 


Yes 


Yes 


Yes 


CMP03 


40 ns, Low Offset Precision Comparator 


Yes 


Yes 


Yes 


CMP04 


3 ns High Speed ECL-Output Comparator 


Yes 


Yes 


Yes 


CMP05 


6.5 ns, Low Power High Speed TTL Comparator 


Yes 


Yes 


Yes 


VREF 










REF01 


80 ppm/°C, 2% Accurate, 2.5V Bandgap Reference 


Yes 


Yes 


Yes 


REF02 


30 ppm/°C, 0.5% Accurate, 2.5V Bandgap Reference 


Yes 


Yes 


Yes 


Signal Conditioning 








MLT01B 


12 MHz, Low Noise, High Accuracy, Analog Multiplier/Divider 


Yes 


Yes 


Yes 


MXA01B 


50 MHz, 8 Channel Multiplexed Video Amplifier 


Yes 


Yes 


Yes 


DEM01B 


30 MHz, 100 ns, Synchronous Modulator/Demodulator 


Yes 


Yes 


Yes 


QMD04B 


250 MHz, Quadrature Modulator or Demodulator 


Yes 


Yes 


Yes 


TAH01B 


38 MHz, Low Droop 0.5 mV/ps, Precision Track and Hold 


Yes 


Yes 


Yes 


MIX01B 


800 MHz RRn, 400 MHz IF, Wide Bandwidth Mixer/Amplifier 


Yes 


No 


No 


PLL Signal Synthesis &Data Recovery 








VCO01B 


200 MHz High Speed Voltage Controlled Oscillator (VCO) 


Yes 


Yes 


Yes 


PLL01 


150 MHz, 50 ppm/°C High Speed Phase Lock Loop 


Yes 


Yes 


Yes 


PLL03 


200 MHz, 12 ps RMS (typ.) Jitter, Phase Lock Loop 


Yes 


No 
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RSC4000 Digital Functions 



ASIC 



Digital Bipolar Standard Cells 
(Only available on RSC4000) 



Digital CMOS Cells 



Gates, Inverters and Buffers 

1N11HI Inverter 

NI11HI Buffer 

AN21HI 2-lnputAND 

ND21HI 2-lnput AND/NAND 

NR21HI 2-lnput NOR 

OR22CI 2-lnput OR/NOR 

X022CI 2-lnput EX-OR/NOR 

ON41HI 4-lnputOR/NAND 

OA42CI 4-lnput OR-AND/NAND 

Fllp-Flops, Latches 

DFNC1I DFIip-Flop 

LANCHI D Latch 

Input/Output Translators 

RPNETI TTL-ECL Input Translator 

RPNETP TTL-PECL Input Translator 

DTNEIT ECL-TTL Output Translator 

DTNEPT PECL-TTL Output Translator 

Miscellaneous Functions 

MX41 El 4:1 Multiplexer with Enable 

MX21EI 2:1 Multiplexer with Enable 

DC24EI 1:4 Demultiplexer 

DC24EI 2:4 Decoder with Enable 

REF03B ECL Bandgap Reference 

REF04B ECL Voltage Reference 

REF05B Input Voltage Reference 



Data Conversion Cells 



♦ 10-Bit, 40 MHz ADC 

♦ 8-Bit, 30 MHz Low Power ADC 

♦ 6-Bit, 70 MHz ADC 

♦ 8-Bit, 50 MHz DAC 

♦ 8-Bit, 15 ns Track and Hold 



Inverters and Buffers 


IN11LC 


Inverter (1X) 


IM4 4 OS* 
IN112U 


inverter (2 a) 


INI loU 


inverter (oa) 


Gates 




ND21LC 


2-lnput NAND Gate 


AN21LC 


2-lnput AND Gale 


NR21LC 


2-lnput NOR Gate 


OR21LC 


2-lnput OR Gate 


XN21LC 


2-lnput XNORGate 


X021LC 


2-lnput XOR Gate 


ND31LC 


3-lnput NAND Gate 


AN31LC 


3-lnput AND Gate 


NR31LC 


3-lnput NOR Gate 


OR31LC 


3-lnput OR Gate 


ND41LC 


4-lnput NAND Gate 


AN41LC 


4-lnput AND Gate 


NR41LC 


4-lnput NOR Gate 


OR41LC 


4-lnput OR Gate 


AR41LC 


4-lnput AND-NOR Gate 


Latches and Fllp-Flops 


LANCHC 


D Latch 


DFNCRC 


D Flip-Flop 


DFBCRC 


D Flip-Flop with Preset, 



and Buffered Outputs 
Input and Output Buffers 

RPIECC CMOS Input Inverter w/Pad, Pullup and ESD 
RPIETC TTL Input Inverter w/Pad, Pullup and ESD 

DPIECC CMOS Driver/Inverter w/Pad and ESD 

DPNECT BiCMOS TTL Driver w/Pad and ESD 
DTNECT BiCMOS TTL Three-State Driver w/Pad 
and ESD 

TTNECT BiCMOS Transceiver Three-State Driver 

w/Pad and ESD 
LRINCC CMOS Inverting Line Receiver (no pad) 
LRNNCC CMOS Line Receiver (no pad) 
LRINTC TTL Inverting Line Receiver (no pad) 

LRNNTC TTL Line Receiver (no pad) 

Miscellaneous Cells 

ASW01C Transmission Gate (1X) 

DM24IC 2:4 Decoder/1 :4 Demultiplexer 

MX21IC 2:1 Multiplexer 

MX41IC 4:1 Multiplexer 

MX81IC 8:1 Multiplexer 



For More information, call 1-800-722-7074. Raytheon Semiconductor 
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ASIC 



Analog/Digital Test Capability 

Once developed and in production, VRSA-Tile is supported through a variety of high pin count and surface mount plastic and hermetic 
packages, fully tested on LTX, Teradyne or HP mixed-signal testers. 



Analog Test Capability (LTX-80/HP9491) 


Digital Test Capability (HP9491) 


Parameter 


Range 


Parameter 


Performance 


Settling/Acquisition Time 


0.4% in 20 ns 


Maximum Pin Count 


80 


Bandwidth 


200 MHz 


Maximum Test Pattern Rate 


128 MHz 


Aperture Time 


100ps 


Timing Edge Placement Range 


0 to 2 Periods 


Harmonic Distortion 


-86 dB 


Timing Resolution 


±100 ps 


ADC Conversion Rates 


128 MHz 


Timing Accuracy 


±350 ps 


Differential Gain/Phase 


2.0/Degree 


Edge and Compare Output Capability 


Single/Window/ 


Slew Rate 


500V/jjsat1V 




Double 


Pattern Generation 


128 MHz 







ASIC Packaging Options 



The following table lists the packages that are currently available for Raytheon Semiconductor ASIC products. 



Package 


Typical 9 JA 


Description 


Value (C/W) 


Ceramic 24 Lead Flat Pack (0.40" wide) 


65 


Ceramic 44 Lead Quad Flat Pack (0.65" sq.) 


50 


Ceramic 64 Lead Chip Carrier (0.90" sq.) 


44 


Ceramic 20 Pad LCC (0.35" sq.) 


85 


Ceramic 28 Pad LCC (0.45" sq.) 


75 


Ceramic 44 Pad LCC (0.65" sq.) 


65 


Plastic 28 Lead Chip Carrier (0.45" sq.) 


65 


Plastic 44 Lead Chip Carrier (0.65" sq.) 


55 


Plastic 68 Lead Chip Carrier (0.95" sq.) 


45 


Plastic 14 Lead DIP (0.30" wide) 


70 


Plastic 16 Lead DIP (0.30" wide) 


65 


Plastic 24 Lead DIP (0.30" wide) 


50 


Plastic 40 Lead DIP (0.60" wide) 


45 


Plastic 8 Lead SOIC (0.15" wide) 


155 


Plastic 14 Lead SOIC (0.15" wide) 


110 


Plastic 16 Lead SOIC (0.15" wide) 


105 


Plastic 20 Lead SOIC (0.30" wide) 


80 


Plastic 24 Lead SOIC (0.30" wide) 


75 
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Cross References 



Section 5 
Cross References 



Industry Type Cross References 



Industry 
Type 


Raytheon Semiconductor 

Nearest 

Equivalent 


Industry 
Type 


Raytheon Semiconductor 

Nearest 

Equivalent 


AD647 


RC4207 


LT-1002 


RC4227 


AD708 


RC4277 






MAX9686 


LM111 


HA5127 


OP-27 


MC1741 


RC741 


HA5137 


OP-37 


HA-5147 


OP-47 


NE5105 


RC4805 


LH2108 


LH2108 


NE5532 


RC5532 


LM108 


LM108 


NE5534 


RC5534 






OP-227 


RC4227 



Contents 

Industry Type 5-1 

General 5-2 

Military Bipolar PROM 5-5 

Standardized Military Drawings 5-6 

QPL Approval Status Per M38510-90 5-7 
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Cross References 



Analog Devices 


Raytheon Semiconductor 
Nearest Equivalent 


Burr Brown 


Raytheon Semiconductor 
Nearest Equivalent 


« n An a 

AD OP-07A 


OP-07A 


OPA27C 


OP-27C 


An C\D H7A/0QQ 
AU Ur-U//vooJ 


Ur-U/A/ooOD 


APA07E 


An 07C 


a r\ An a*7A 

AD OP-07C 


OP-07C 


OPA27F 


OP-27F 


A A An A "71 \ 

AD OP-07D 


OP-07D 


An a /%^<s 

OPA27G 


OP-27G 


AD OP-07E 


OP-07E 


OPA37A 


OP-37A 


AD OP-07 


OP-07 


OPA37A/883 


OP-37A/883B 


AD OP-07/883 


OP-07/883B 


OPA37B 


OP-37B 


AD OP-07 


OP-07 


OPA37B/883 


OP-37B/883B 


An Ad o7A 
AD OP-27A 


OP-27A 


An a n7A 

OPA37C 


OP-37C 


AD OP-27A/883 


OP-27A/883B 


OPA37C/883 


OP-37C/883B 


AH HP.97R 


HP.97R 


OPAQ7F 




AD OP-27B/883 


OP-27B/883B 


OPA37F 


OP-37F 


A A An />"7A 

AD OP-27C 


OP-27C 


OPA37G 


OP-37G 


AD OP-27C/883 


OP-27C/883B 






AD OP-27E 


OP-27E 






AD OP-27F 
AD OP-27G 


OP-27F 
OP-27G 


Exar 


Raytheon Semiconductor 
Nearest Equivalent 


AD OP-37A 
AD OP-37A/883 


OP-37A 
OP-37A/883B 


XR2207 
XR2211 


RM2207 
RC2211 


a rv An o7D 

AD Ur-o/D 

An r\o 07D/000 
AD Ur-oYb/ooo 


An oTD 

An O"7D/00*5D 

Ur-o/D/oooD 


XR4136 
XR4151 


nAn j An a : 

RC3403A 
RC4152 


AD OP-37C 
AD OP-37C/883 
AD OP-37E 


OP-37C 

OP-37C/883B 

OP-37E 


XR5532 

XR5532A 

XR5534 


RC5532 

RC5532A 

RC5534 


a n An o f ■ 

AD OP-37F 
AD OP-37G 


OP-37F 
OP-37G 


XR5534A 


RC5534A 


OP77A 


OP-77A 






n.P77A/flfl'* 

OP77A 

OP77R 
nP77R/flfl < * 


AP-77A/fl«^R 
\Jr~f /AV00OD 

OP-77A 

OP-77R 

riP.77R/flfl'3R 
\Jr-f /D/ooOD 


Goldstar 

GL71 07 


Raytheon Semiconductor 
Nearest Equivalent 
RV4145 


OP77E 


OP-77E 






OP77F 

OP77G 


OP.77F 
VJr-/ #r 

OP-77G 


Harris 


Raytheon Semiconductor 
Nearest Equivalent 

LM124 

LM139 

LM324 

LM339 

RC3403A 

RP4741 


ADVF32 
AUVrot 


RC4152 


CA124 
— CA139 


AD539 


R04200/A 


CA324 


ADREF-01C 


RFF-fl1 
nCr-U 1 

REF-01C 


CA339 
CA5403A 


REF-02 

REF-02C 

REF-02D 


REF-02 

REF-02C 

REF-02D 


HA47A1 

MAo-0 lU 1 
HA^-51 tt2 












HA3-5102 
HS3182 


RC5532A 

RM3182 

RM3182A 


Burr Brown 


Raytheon Semiconductor 
iMearest equivalent 


HS3182 

lis LOU 1 0 


VFC-32BP 


' rS A a * trrs 

RC4152 






VFC-32PB 


RC4153 






OPA27A/883 
OPA27B/883 
OPA27C/883B 
OPA27A 


OP-27A/883B 
OP-27B/883B 
OP-27C/883B 
OP-27A 


Hitachi 
LM1851 


Raytheon Semiconductor 
Nearest Equivalent 
RV4145 


OPA27B 


OP-27B 
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Holt 


Raytheon Semiconductor 




Nearest Equivalent 


HI8382 


RM3182 


HI8382 


RM3182A 


HI8482 


RM3183 


HI8482 


RM3283 




Linear Technology 


Raytheon Semiconductor 




Nearest Equivalent 




flP_/Y7AT 
VJr-v# A 1 


OP-07A/883B 


OP-07A/883B 


Ur-U/Ad/OOOD 


^P_/Y7A /GOOD 

Ur-U/A/ooob 




Ur-v/w 


Ur-U/t 


Ur-U/t 


Ur-U/ 


Ur-U/ 


Ur-U//oooD 


Ur-U//oooD 


Ur-£/A 


AD 07A 
Ur-t/A 


Ur-c/A/ooOD 


Ur-t/A/oooD 


OP-27C 


OP-27C 


OP-27C/883B 


OP-27C/883B 


OP-27E 


OP-27E 


OP-27G 


OP-27G 


OP-37A 


OP-37A 


OP-37A/883B 


OP-37A/883B 


OP-37C 


OP-37C 


OP-37C/883B 


OP-37C/883B 


OP-37E 


OP-37E 


OP-37G 


OP-37G 


LM108A 


LM108A 


LM108A/883B 


LM108A/883B 


LM108 


LM108T 


LM108/883B 


LM108/883B 


OP-227EN 


RC4227FN 


OP-227GN 


•RC4227GN 


OP-227AJ 


*RM4227BD 


OP-227AJ/883B 


♦RM4227BD/883B 


REF-01 


REF-01 


REF-01C 


REF-01 C 


REF-02 


REF-02 


REF-02C 


REF-02C 


REF-02D 


REF-02D 



NOTE: LTC OP-227 contains two die in a 14-pin package. 



Raytheon's 4227 is a monolithic IC in an 8-pin package. 



Cross References 



Movlm 
■via ah ii 


nayiiieuu ociiihajiiuuuiui 




Moaioai i-i|uivaiuiii 


REF-01 


REF-01 


REF-01 C 


REF-01 C 


ntr u i u 


RFF-D1 n 

nCr'U 1 Is 


nur ut 


ncr ut 




RFF-n^n 

ncr*U£w 


REF-02D 


REF-02D 


MAC630C 


RC4190 


MAX630C 


RC4191 


MAC630C 


RC4193 


MAX4193C 


RC4193 


MAC4391C 


RC4391 




Motorola 


Raytheon Semiconductor 




Nearest Equivalent 


LM101A 


LM101A 


LM111 


LM111 


LM124 


LM124 


LM139 


LM139 


LM324 


LM324 


LM339 


LM339 


LM348 


RC4156 


LM348 


RC4157 


LM4136 


RC4136 


MC142100 


RC4444 


MC1504U10 


REF-01 


MC1504U10 


REF-01 C 


MC1504U10 


REF-01 D 


MC1404U5 


REF-02 


MC1404U5 


REF-02C 


MC1404U5 


REF-02D 


MC1468 


RC4194 


MC1468 


RC4159 


MC1741 


RC741 


MC3403 


RC3403A 


MC4558 


RC4558 


MC4558 


RC4559 
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5-3 



Cross References 



National 


Ravthonn Qomlr*onrfiir*fnr 
nayiiicuii oviiiiiajiiuuuiwi 




Nearest Eqlvalent 


LM101A 


LM101A 


LM111 


LM111 


LM124 


LM124 


LM 109 


1 M1QQ 

LMloy 


LM148 


LM148 


LM168 


REF-02 


lm icy 


ntr-Ul 


LM1851 


RV4145 






LM325/326 


RC41 94 


LMOOI 


HU41 Oc, 


LM339 


l_IVIOO«/ 


L M3403 




LM348 


RC4156 


LM348 


RC4157 


LM368 


REF-02C 


LM368 


REF-02D 


LM369 


REF-01C 


LM369 


REF-01D 


LM4136 


RC4136 




SGS-Thompson 


Raytheon Semiconductor 




Nearest Equivalent 


LM101A 


LM101A 


LM111 


LM111 


LM124 


LM124 


LM139 


LM139 


LM148 


LM148 


LM324 


LM324 


LM339 


LM339 


MC4558 


RC4558 




Samsung 


Raytheon Semiconductor 




Nearest Equivalent 


KA2803 


RV4145 



Signetics 


Raytheon Semiconductor 


Nearest Equivalent 


LM111 


LM111 


LM124 


LM124 


LM139 


LM139 




LM324 


LM324 


LM339 


LM339 


NE5532 


RC5532 


NE5532A 


RC5532A 


NE5534 


RC5534A 


SE4558 


RC4558 


MA741 


RC741 


JJA747 


RM747 




Texas Instruments 


Raytheon Semiconductor 




Nearest Equivalent 


LM101A 


LM101A 


LM111 


LM111 


LM124 


LM124 


LM139 


LM139 


LM148 


LM148 


LM324 


LM324 


LM339 


LM339 


LM348 


RC4156 


LM348 


RC4157 


MC3403 


RC3403A 


RC4136 


RC4136 


TL494/6/7 


RC4190 
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Cross References 



Military Bipolar PROMs 

Except 6617/17B 



Harris 


Raytheon Semiconductor 


Part Type 


Noaroct Pniiix/alont 
ncoicdi c.v|uivaiciii 




HM7649 


R29621 


1 u. /t/S/N 


HM7649A 


R29621A 


VW ICC 


N/A 


R29623 




N/A 


R29623A 




HM7681 


R29631 


Wer 


HM7681A 


nZybolA 


* 


HM7681P 


R29633 


WW ,CCD 


N/A 


R29653A 




N/A 


R29681 




HM7616 


R29681A 




HM76161 


R29681A 




HM6617 


R29683 


6mSs/dc/ac/ 






ICCSB/ICCOP/ 






Pinout 


HM6617B 


R29683A 


CMOS/DC/AC/ 






ICCSB/ICCOP/ 






Pinout 


HM76321 


R29771 




N/A 


R29773 




HM76641 


R29791 




N/A 


R29793 






Signetics 


Raytheon Semiconductor 


Part Type 


Nearest Equivalent 


Difference 


82S147 


R29621 




82S147A 


R29621A 




N/A 


R29623 




N/A 


R29623A 




82S181 


R29631 




82S181A 


R29631A 


ICC 


N/A 


R29633 




N/A 


R29633A 




82S185 


R29651 


Vice 


82S185A 


R29651A 


IaAAr 


N/A 


R29653 




N/A 


R29653A 




82S191 


R2981 




82S191A 


R29681A 




R29683 


N/A 




R29683A 


N/A 




82HS32A 


R29771A 




82HS321B 


N/A 




N/A 


R29773 




82HS641A 


R29791 


tAA 


82HS641B 


N/A 




N/A 


R29793 
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Standardized Military Drawings 



To stem the proliferation of contractor-generated Source 
Control Drawings (SCDs), the U.S. Government has 
established a program to create a single government- 
controlled SCD for each part in the military inventory. 
This document is called a Standardized Military Drawing 
(SMD) and is available for use by any contractor. By 
greatly reducing the number of part numbers thus 
generated, it is much more practical to maintain an 
inventory of these products, reducing acquisition time, 
cost and overhead. 

Raytheon Semiconductor is a strong supporter of this 
program. We have a number of products currently in the 
system and the list is growing rapidly. Identified below 
are the products in the inventory at the time of 
publication of this data book, along with the "nearest 
generic equivalent" Raytheon part number. Since the 



Defense Electronics Supply Center (DESC) in Dayton, 
Ohio controls the detailed spec, we manufacture and test 
the product strictly in accordance with that spec. If it 
varies in any way from the standard specification, the 
SMD is the controlling document. It is important to verify 
from DESC that you are working from the latest revision 
of the SMD. 

These products are not only available from the 
government supply channels and from the Raytheon 
Semiconductor factory. Many are handled through the 
normal commercial distribution channels, providing ready 
access to full-spec military products. They are all fully 
compliant with the latest release of MIL-STD-883. 

If you need a product not listed here, contact the factory. 
It may be in progress; if not, we will be delighted to work 
with you to add it to the program. 



SMD 


Suffix 


Raytheon Part No. 


Description 


5962-87600 


01XA 


TDC1048B6V 


8Bit 20 MspsA/D 




103A 


TDC1048C3V 




5962-87786 


01VA" 


TDC1046B8V 


6Bit20MspsA/D 


5962-88532 


01XA" 


TDC1049J0V 


9Bit30 MspsA/D 




01YA** 


TDC1049J3V 


9Bit30MspsA/D 




01ZA" 


TDC1049C1V 






01 UA" 


TDC1049L1V 




5962-88739 


01QA 


TMC208KB5V 


8x8 Bit Multiplier 




02QA 


TMC208KB5V1 






03QA 


TMC28KUB5V 






04QA 


TMC28KUB5V1 






01XA 


TMC208KC2V 






02XA 


TMC208KC2V1 






03XA 


TMC28KUC2V 






04XA 


TMC28KUC2V1 




5962-89446 


01 LA 


TMC2011B2V 


3-18x8 Shift Register 




013A 


TMC2011C3V 






02LA" 


TMC2111B2V 






023A** 


TMC2111C3V 




5962-89711 


01JA 


TMC2023B7V 


64 Bit Correlator 




02JA 


TMC2023B7V1 






03JA 


TMC2023B7V2 






04JA 


TMC2023B7V3 






013A 


TMC2023C3V 






023A 


TMC2023C3V1 






033A 


TMC2023C3V2 






043A 


TMC2023C3V3 






01LA 


TMC2023B2V 






02LA 


TMC2023B2V1 






03LA 


TMC2023B2V2 






04LA 


TMC2023B2V3 
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Cross References 



SMD 


Suffix 


Raytheon Part No. 


Description 


5962-89715 


01XC" 


TMC2301G8V 


Image Rotation Seq. 




02XC** 


TMC2301G8V1 






01YA** 


1 IVIwcOU 1 L 1 V 






02YA* # 


TMC2301L1V1 




5962-89828 


01 EA** 


TDC1044B9V 


4Bit25MspsA/D 






TTYMnio I7\/1 


1 c ull tUL UAls 




013A** 


TDC1012C3V1 






02JA 


TDC1012J7V2 






023A" 


TDC1012C3V2 




5962-90708 


01XCA** 


TMC2208J4V 


8x8 Bic MAC 


5962-90996 


01MYA 


TMC2009C1V 


12x12 Bit MAC 




01MXA 


TMC2009J3V 






01MZA 


TMC2009L1V 




5962-91652 


01MJC 


TDC1112J7V1 


12 Bit ECLDAC 




01M3A 


TDC1112C3V1 






02MJC 


TDC1112J7V2 






02M3A 


TDC1112C3V2 




5962-86879 


01 EX 


RM3182S/883B 


ARINC 429 Differential Line Driver 




013A 


RM3182U883B 




5962-8958 


102GA 


REF01T/883B 


+10V Precision Voltage Reference 




102PA 


REF01D/883B 


5962-87738 


01 GA 


OP77BT/883B 


Precision Operational Amplifier 




01 PA 


OP77BD/883B 






02GA 


OP77AT/883B 






02PA 


OP77AD/883B 




5962-87739 


01 CA 


LM139AD/883B 


Single Supply Quad Amplifier 


5962-88537 


01 GA 


OP37AT/883B 


Low Noise Operational Amplifier 




01 PA 


OP37AD/883B 






02GA 


OP37BT/883B 






02PA 


OP37BD/883B 






03GA 


OP37CT/883B 






03PA 


OP37CD/883B 




7700801 CA 




LM139D/883B 


Single Supply Quad Comparator 


7705001 CA" 




RC2211D/883B 


FSK Demoduclator/Tone Decoder 


7705401 CA" 




RM4194D/883B 


Dual Tracking Voltage Regulator 


7704301 CA 




LM124D/883B 


Single Supply Quad Operational Amplifier 


8200801 3A 




R29771LM/883B 


4096 x 8 Bipolar PROM 


8200801JA 






8200801 LC** 








82008043A 








8200804JA 








8200804LC** 








8200901 LC** 




R29791SM/883B 


8192x8 Bipolar PROM 


8200901JA 








8200901 XC 








8203601 GA 




OP07AT/883B 


Precision Operational Amplifier 


8203601 PA 




OP07AD/883B 




8203602GA 




OP07T/883B 




8203602PA 




OP07D/883B 
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Cross References 



MIL-M-38510 Products 



M38510Part No. 


Raytheon Part No. 


Description 




MMD741 DHA 

IVIIVIU/ H 1 U\j>r\ 


vjciicidi rui[A/oc wjjoidiiuudi rMiipmici 


10101BGA 


MM0741 TEA 




10101BPA 

■ \j i \j i urn 


MM0741 DFA 

IVIIVIU/ *tl t-J I— /i 




I U I UbDnn 


MM0747P I A 

IVI IVI U / H 1 \s\Jr\ 


fmoncxral Piirnrtco Dual Onoratinnal Amnlrfior 
O.UMt;ldl ruipUoc LAJdl wjJcldllUlldl /-Mlipilllci 


10102BCA 


MM0747 DCA 




10102BDA 


MM0747CAA 




10102BIA 


MM0747 TFA 




10103BCA 


MM0101ADCA 


General Purpose Operational Amplifier 


1 U 1 UODOn 


IUIIUI01 01 ATP A 
IVIIVIU lUlnl CM 




1 U 1 UODnn 


IVIIVIU I U I MOUn 




1 U 1 UODrM 


MKyinini AnPA 

IVI IVI U I U InU Cn 






mmai no atp a 

MMU 1 UoA 1 IZ/a 


rrecision uperaiionai Ampiuier 


1 UIU4Dr M 


MIVIUl UoAUtA 




10104R2A** 


MM0108ALSA 

ivi ivi u i vonLon 






MM2101ADMA 

iVIIVid IU 1 AM-/IVI/A 


f^pnprfll PnrnftQP Dual Onprational Amnliflpr 

It/I Cll I UI|JVJOO LyUdl \jyj\2i dllVJI Idl /Al 1 IJJIIIICI 


I U I UDDun 


IVI IVI £ 1 UOAL/IVIM 


Pro^iei^n l"^i lal Ono ration si 1 Amr^lifior 
r Iv/UiolUM LJUdl WpoTallUlldl MllipillloT 


10304BCA 


MM0111 DFA 


Voltage Comparator 


10304BGA 


MM01 1 1 TEA 




10304BHA 


MM0111CQA 




1 0304RPA 


MM0111 DEA 

IVIIVIV III I-/ L— 




10304B2A** 


MM0111LSA 




10305BEA 


MM2111 DMA 

IVIIVIh* III imS 1 V l#% 




11001BCA 


MM0148 DCA 


Low Power Quad Operational Amplifier 


1 1 003 BC A** 


MM4156 DCA 

ivi i iww *y vy/» 


Hioh Performance Quad ODerational Amrjlifier 

■ 1 1 1 vl Ivi 1 1 Ivll Ivv ^CUIdU Vk/WI £411 wO IUI #\l 1 Ik/Ill Iwl 


11003BDA** 


MM4156CAA 




11004BCA 


MM4136 DCA 


General Performance Quad Operational Amplifier 


11005BCA 


MM0124 DCA 


Single-Supply Quad Operational Amplifier 


11201BCA 


MM0139 DCA 


Single-Supply Quad Comparator 


11201BDA 


MM0139CAA 




11201B2A** 


MM0139L SA 




11301BEA 


MM4818 DMA 


8-Bit Multiplying D/A Converter 


11302BEA 


MM4818ADMA 




13101 BGA** 


MM5534ATEA 


Low Noise Operational Amplifier 


13101BPA** 


MM5534ADEA 




13102BPA** 


MM5532ADHA 


Low Noise Dual Operational Amplifier 


13501 BPA 


MM4807ADEA 


Precision Operational Amplifier 


13501 BGA 


MM4807ATEA 




13501B2A** 


MM4807ALSA 




13502BPA 


MM4807 DEA 




13502BGA 


MM4807 TEA 




13502B2A** 


MM4807LSA 




20902BVA 


JR29651DQ 


2048 x 4 Bipolar PROM 


20904BJA 


JR29631DR 


1024x8 Bipolar PROM 


21002BJA 


JR29681DR 


2048 x 8 Bipolar PROM 



Indicates sole source 
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Section 6 
Quality & Reliability 



Raytheon's Commitment to 
Customers 

Raytheon Semiconductor is dedicated providing 
innovative high performance mixed-signal semiconductor 
products. 

The company has embraced the Total Quality 
Management (TQM) concept for continuously improving 
its products and services. 

Raytheon Semiconductor maintains relationships which 
are based upon integrity, open communication and 
commitment to mutually beneficial, long term business 
partnerships with its customers and suppliers. 

Our definition of quality is meeting customer requirements 
100% of the time. The responsibility for this quality is 
shared by all employees. 

With these commitments in mind, the Division has 
developed a comprehensive Quality/Reliability Policy 
Manual. Raytheon welcomes the opportunity to discuss 
these policies with its customers and suppliers, and 
solicits their questions, comments and/or 
recommendations for improvement. 

Reliability Concepts 

Reliability is defined as the probability that product will 
perform its' intended function for a specified period of 
time. The reliability model generally assumed for 
Integrated Circuits is that the failure rate over time follows 
a "bathtub" curve. 

This model predicts an early "infant mortality" period 
where the failure rate is controlled by extrinsic defects. 
After these initial failures occur, the failure rate is 
essentially random and depicts the useful life of the 
product. In this region of the curve a prediction of the 
Failure rate In Time can be made, expressed as FITs 
(assuming a constant failure rate). The "bathtub" curve 
also predicts a final period in the product life where the 



failure rate is controlled by wear-out mechanisms 
inherent in the device construction. 




Operating Time 



Figure 1. Failure Rate vs. Time 

Integrated circuits have demonstrated characteristically 
long product lifetimes. In order to estimate the reliability 
of these products, it is necessary to understand extrinsic 
and intrinsic failure mechanisms and to accelerate 
possible "useful life" failures. Physical and 
environmental testing allows an understanding of 
potential defects contributing to early failures. For 
extended life prediction, the Arrhenius Model is used to 
extrapolate from accelerated testing of the product to 
useful field life. 

The Arrhenius Model was originally developed to 
describe temperature accelerated chemical reaction 
rates, and is used to predict time/temperature 
relationship of Integrated Circuit failure rates. Increased 
temperature operation is one method of accelerating 
failure. The Arrhenius Model predicts an exponential 
relationship of temperature and intrinsic failure rate. 
Using failure statistics obtained from high temperature 
operation, the failure rate of the process can be 
estimated and extrapolated to a specified operating 
temperature range for the product family. An "activation 
energy" for the expected failure mechanism is used for 
this estimate of the expected failure rate under use 
conditions. 
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Frequency 


50% CL 










, 90% CL 




x Failure Rate 





Figure 2. Frequency vs. Failure Rate 

The infant mortality and random failures periods can be 
described through a series of probability calculations. 
The probability of having a failure at a specific point in 
time can be expressed by the equation: 

Po = e-xt 

where: 

x = the failure rate (failures per unit time) 
t = time 

The failure rate V is usually expressed in % failures per 
1000 hours and is sometimes expressed as a mean 
time between failures (MTBF) through the expression: 
1 



MTBF = 



Failure Rate 



Since the data for the failure rate calculations is derived 
from a sample of devices from a production lot, a 
confidence level number is usually stated for the failure 
rate estimation. A 60% confidence level (CL) is used for 
the purposes of these calculations. 

The failure rate "x" is calculated by using a Chi square 
(X 2 ) distribution through the equation: 

% 2 (x.2r + 2) 
2nt 



c = 

where: 

x = 100-%CL/100 
r = number of rejects 
n = total number of devices 
t = time 

The number of failures over a period of time (x) is critical 
in determining an accurate failure rate number. If only 
device failures at room or operating temperatures were 
counted, it would take a large number of failures over a 
long period of time to gather sufficient data. Therefore, 
accelerated test methods using elevated temperatures 
are used. Temperature is used to accelerate failures in 
a device and the increase can be expressed in a form of 
the Arrhenius equation which states that the reaction 
rate increases exponentially with temperature. 
j€ 
kT 



R = Roe 



where: 

R = reaction rate as a function of time and 

temperature 
Ro = constant related to temperature 
T = Kelvin temperature 
E = activation energy (electron volts) 

When this equation is plotted, as shown in Figures 3 and 
4, it can be used to determine the failure rate at tempera- 
tures other than the test temperature of the device. 



Mj^ir#ir/Ji^K||P^rj^f| 



I 

¥ u 

i= =3 



■■i/^ififikfj^iim 



|450|350 | 250 | 150 tl | 65| 25 
500400 300 200 100 50 

Temperature (°C) 12 

Figure 3. Normalized Time-Temperature Regressions for 
Various Activation Energy Values (1000/*K) 



r: 



1.2 1.6 2.0 2.4 2.8 3.2 3.6 



l£ 0.001 




(450(350 | 250 150 i 65 25 
500400 300 200 100 50 

Temperature (°C) 

Figure 4. Failure Rate (1000/*K) 
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Table I. Group A Electrical Tests for Class B Devices! 1 ) 



Subgroups^) 

Quality/Accept No. = 116/0 (3)(4) 

Subgroup 1 

Static tests at 25°C 

Subgroup 2 

Static tests at maximum rated operating temperature 
Subgroup 3 

Static tests at minimum rated operating temperature 

Subgroup 4 

Dynamic tests at 25°C 

Subgroup 5 

Dynamic tests at maximum rated operating temperature 
Subgroup 6 

Dynamic tests at minimum rated operating temperature 

Subgroup 7 

Functional tests at 25°C 

Subgroup 8A 

Functional tests at maximum rated operating temperatures 
Subgroup 8B 

Functional tests at minimum rated operating temperatures 

Subgroup 9 

Switching tests at 25°C 

Subgroup 10 

Switching tests at maximum rated operating temperature 
Subgroup 11 

Switching tests at minimum rated operating temperature 



1. The specific parameters to be included for tests in each subgroup shall be as specified in the applicable acquisition document. 
Where no parameters have been identified in a particular subgroup or test within a subgroup, no group A testing is required for 
that subgroup or test to satisfy group A requirements. 

2. The applicable tests required for group A testing (see 1/) may be conducted individually or combined into sets of tests, sub- 
groups (as defined in Table I.), or sets of subgroups. 

3. The sample plan (quantity and accept number) for each test shall be 116/0. 

4. If any device in the sample fails any parameter in the test, subgroup, or set of tests/subgroups being sampled, each and every 
additional device in the (sub)lot represented by the sample shall be tested on the same test set-up for all parameters in that 
test, subgroup, or set of tests/subgroups for which the sample was selected, and all failed devices shall be removed from the 
(sub)lot for final acceptance of that test, subgroup, or set of tests/subgroups, as applicable. 
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Table 2 Group B Tests for Class B OX 2 ) 



Test 


MIL-STD-883 


Quantity/ 
(Accept No.) 
orLTPD 


Method 


Condition 


Subgroup 2(3) 
a. Resistance to solvents 


2015 




3(0) 


Subgroup 3 

a. SolderabilityW 


AAAA 

2022 
or 
2003 


Soldering temperature of 245 ±5°C 


10 








Subgroup 5 

a. Bond strength® 

1. Thermocompression 

2. Ultrasonic or wedge 

3. Flip-chip 

4. Beam Lead 


2011 


1. Test condition C or D 

2. Test condition C or D 

3. Test condition F 

4. Test condition H 





Notes: 

1 . Post burn-in electrical reject devices from the same inspection lot may be used for all subgroups when end-point measurements 
are not required. 

2. Subgroups 1 , 4, 6, 7, and 8 have been deleted from this table. For convenience, the remaining subgroups will not be renum- 
bered. 



3. Resistance to solvents testing required only on devices using inks or paints as the marking or contrast medium. 

4. All devices submitted for solderability test shall be in the lead finish that will be on the shipped product and which has been 
through the temperature/time exposure of burn-in except for devices which have been hot solder dipped or undergone tin fusing 
after burn-in. The LTPD for solderability test applies to the number of leads inspected except in no case shall less than 3 
devices be used to provide the number of leads required. 

5. Unless otherwise specified, the LTPD sample size for condition C or D is the number of bond pulls selected from a minimum 
number of 4 devices, and for condition F or H is the number of dice (not bonds) (see Method 201 1 ). 



Table 3. Group C (Die-Related Tests — For Class B only) 



Test 




MIL-STD-883 


Quantity/ 
(Accept No.) 
orLTPD 


Method 


Condition 


Subgroup 1 








a. Steady-state life test 


1005 


Test condition to be specified 


5 






(1 ,000 hours at 125°C or equivalent in 




b. End-point electrical 




accordance with Table 1 .) 




parameters 
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Table 4. Group D (Package Related Tests) 



Test 


MIL-STD-883 


Quantity/ 
(Accept NO.) 
or LTPD 


Method 


Condition 


Subgroup 1 0) 

a. Physical dimensions 


2016 




15 


Subgroup 2 0) 

a. Lead integrity (2) 

b. Seal (3) 

1. Fine 

2. Gross 


2004 
1014 


Test condition B2 (lead fatigue) 
As applicable 


5 


Subgroup 3 ( 4 ) 
a. Thermal shock 


1011 


Test condition B as a minimum, 15 cycles minimum 


15 


b. Temperature cycling 

c. Moisture resistance ( 5 ) 

d. Seal 

1. Fine 

2. Gross 

e. Visual examination 

f. End-point electrical parameters ( 6 ) 


1010 
1004 
1014 


Test condition C, 100 cycles minimum 
As applicable 

In accordance with visual criteria of Method 1004 &1010 
As specified in the applicable device specification 




Subgroup 4 (4) 

a. Mechanical shock 

b. Vibration, variable frequency 

c. Constant acceleration 

d. Seal 

1. Fine 

2. Gross 

e. Visual examination^ 

f. End-point electrical parameters 


2002 
2007 
2001 

1014 


Test condition B minimum 

Test condition A minimum 

Test condition E minimum (see 3), Y1 orientation only 

As applicable 

As specified in the applicable device specification 


15 


Subgroup 5 0) 

a. oan aimospnere v°j 

b. Seal 

1. Fine 

2. Gross 

c. Visual examination 


1009 
1014 


Test condition A minimum 
As applicable 

In accordance with visual criteria of Method 1009 


10 


Subgroup 6 0) 

a. Internal water-vapor content^) 


1018 


5,000 ppm maximum water content at 100'C 


3(0) or 5(1) 


Subgroup 7(1) 
a. Adhesion of lead finish (9.1 0) 


2025 




15 


Subgroup 8 

a. Lid torque 0) 


2024 




5(0) 



Notes: 

1 . Electrical reject devices from that same inspection lot may be used for samples. 

2. For leadless chip carrier packaged only, use test condition D. For leaded chip carrier packages, use condition B1 . For pin grid array and 
other rigid leads use Method 2038. 

3. Seal test (subgroup 2b) need be performed only on packages having leads exiting through a glass seal. 

4. Devices used in subgroup 3, "Thermal and Moisture Resistance" may be used in subgroup 4, "Mechanical". 

5. Lead bend stress initial conditioning is not required for leadless chip carrier packages. 

6. End-point electrical parameters are performed after moisture resistance and prior to seal test. 

7. Visual examination shall be in accordance with Method 1010 or 101 1 . 

8. Test three devices; if one fails, test two additional devices with no failures. At the manufacturers option, if the initial test sample (i.e., 3 or 
5 devices) fails a second complete sample may be tested at an alternate laboratory that has been issued suitability by the qualifying 
activity. If this sample passes the lot shall be accepted provided the devices and data from both submissions is submitted to the qualifying 
activity along with 5 additional devices from the same lot. 

9. The adhesion of lead finish test shall not apply to leadless chip carrier packages. 

10. LTPD based on number of leads. 
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Table 5. Typical Qualification Plan for Hermetic Packaged Devices ( 1 )( 2 )( 3 ) 



Test 


Conditions Per MIL-STD-883 


Quantity 


Accept No. 


Group B 








Subgroup 3 




15 


0 


Solderability 


245 5°C 






Subgroup 5 




15 


0 


Bond Strength 


Condition C and record bond pull strength 






Group C 








Subgroup 1 




77 


1 


Operational Life 


168-hour point will be used to screen out 






(168, 250, 500, 


the infant mortality failure. The sample size 






1000, 2000) 


after the 1 68-hour point will be 77. 






Electrical Test 








25°C DC) 








(2 date codes, 








77 samples each) 








Group D 








Subgroup 2 




25 


1 


Lead Integrity 


Condition B 2 






F&G Leak 








Lid Torque 








Qi iHniYM ir\ A. 

ouuyruup *r 






1 


Mechanical Shock 


Condition B 






Vibration 


Condition A 






Constant Acceleration 


Condition B Min. 






F&G Leak 








Visual Examination 








Electrical Test 25°C 









Notes: 

1 . The above group B, C, D are run completely, if the product (package and die) has no history. 

2. If the package is pre-qualified, then only Group C, Subgroups 1 and 2, and Group D, Subgroup 4 are conducted. 

3. If the product is not JAN or 883 compliant, then 1 68-hour pre-bum in is not performed to screen out infant mortality prior to 
Group C Test. 
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Table 6. Typical Qualification Plan for Plastic Package Devices 



Test 


Test Conditions 


Purpose of Test 


Sample 
Size 


Accept 
No. 


Operating 
Life 


Temperature 125°C 
Time 1000 hrs. 
Electrical Test at 168 hrs., 
500 hrs., 1000 hrs., 250 hrs. 
Bias — per spec requirements 


Accelerated Life 


45 


0 


Autoclave 


Pressure 15 PSiG 
Temperature 121°C, >95° RH 
Electrical Test at 96 hrs., 
(no metal deterioration), 
144 hrs., 250 hrs., 500 hrs. 


Package integrity and 
moisture resistance 


45 


0 


85°C/85% RH 


Temperature 85°C 

Humidity 85% 

Time 1000 hrs. 

(no metal deterioration) 

Electrical Test at 168 hrs., 

250 hrs., 500 hrs., 1000 hrs., 


Accelerated life corrosion 
resistance 


45 


0 


Storage Life 


Temperature 150°C 
Bias — None 

Electrical Test at 144 hrs., 250 hrs., 
500 hrs. 


Determine the effect of high 
temperature storage 


45 


0 


Temperature 
Cycle 


Temperature -65°C to +150°C 
No. Cycles 100 
Electrical Test 25°C 


Determine the resistance to 
high and low temperatures 


45 


0 


Thermal 
Shock 


Per 883 Method 1011 


Determine resistance to rapid 
temperature change. 


45 


0 


Moisture 
(10 Day) 


Temperature -10°C to +65°C 
Humidify 90% RH 
Time 240 hrs. 
tieciNcai lesi ai cA\j nrs. 
Visual Inspection of Leads 


Package integrity to moisture, 
lead corrosion, etc. 


45 


0 


Solderability 


Per 883, Method 2003 


To determine the solderability 
of the lead finish 

VI 11 Iw IwuU III llwl 1 


3 


0 


Lead Fatigue 


Per 883, Method 2004 
Condition B 


To determine the physical 
resistance to lead bending 
fatigue 


3 


0 


External Visual 


10-30X Magnification 


To evaluate physical construc- 
tion and processing results 
to package and lead frame 


45 


0 


*2 date codes of 50 each 
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Reliability Program 

The quality and reliability activity at Raytheon is a 
thorough and continuous activity. It starts with initial 
design concepts and processes, and carries through to 
the finished product. 

Reliability Engineering, working with Design and Product 
Engineering, monitors the new device design or process 
through all stages of development and remains the full 
and final authority over the qualification status of all products. 

Raytheon's established RA Qualification plans are used 
to approve new devices, processes or manufacturing 
facilities. Two examples are shown in Tables 5 and 6 for 
hermetic package devices and plastic package devices. 

The Reliability Department continually monitors all 
product lines through product sampling, routine re- 
qualification and QCI testing of JAN and other Hi-Rel 
products to evaluate failure modes and failure rates. The 
results from these tests are reviewed with Product and 
Production Engineering and any necessary corrective 
actions are taken. 

Lab Facilities 

Raytheon maintains a fully equipped laboratory to 
conduct its reliability, failure analysis, and environmental 
testing. The typical types of tests that are performed by 
this facility include: 

♦ QCI Groups A, B, C and D environmental 
requirements 

♦ Destructive Physical Analysis 

♦ SEM Analysis 

♦ Microprobe Analysis/Laser Cutter 

♦ X-ray Dispersion Analysis 

♦ Biased 85/85 and Steam Pressure Pot (PCT) 

♦ Highly Accelerated Stress Testing (HAST) 

♦ Electromigration Characterization 

♦ TDDB Testing of MOS Gate Oxide 

♦ Hot Carrier Degradation 

♦ ESD Testing 

♦ PIND Testing 

Plastic Package Device Monitor 

Raytheon is a major supplier of standard and ASIC 
products in plastic packages. Products are available in a 
variety of plastic packages such as DIPs, SOICs, and 
LCCs. Significant investments have been made in both 
the technology and manufacture of high-reliability, low- 
stress plastic encapsulated packages. 



Table 7. Typical Plastic Process Monitor Tests 
Test Purpose of Test 

Autoclave To evaluate the resistance of moisture 
(steam penetration of the package and the 
pressure) effects of moisture on the chip under 

accelerated conditions of 15 pounds of 

steam pressure at 120°C. 

Biased To evaluate the operational life and 
85°C/85% resistance to moisture penetration of the 
RH chip and the plastic package under the 

accelerated conditions of 85°C and 85% 

relative humidity. 

Operating To evaluate the operational field life of 
Life the device under accelerated conditions 

of 125°C. 

Resistance To determine that the brand markings 
to Solvents will not become illegible on the package 
parts when subjected to the solvents and 
test per MIL-STD-883C, Method 2015. 

Solderability Per Method 2004 of MIL-STD-883. 

External To determine the physical construction 
Visual and processing results to the package 
and lead frame at 30X magnification. 

Lead To determine the physical resistance to 
Fatigue lead bending fatigue per Condition B, 
Method 2004, of MIL-STD-883. 

Thermal To determine that the device can survive 
Shock exposure to rapid changes in temperature 
from -55°C to +125°C per Condition B of 
Method 1011 of MIL-STD-883. 



In addition to quality control check point inspection at 
every assembly step, reliability process monitoring (see 
Table 7) is performed. 

The autoclave (steam pressure) test determines the 
package's moisture resistance in the shortest possible 
time, allowing immediate corrective action where 
necessary, thus ensuring the long-term reliability of the 
products. 

All products are 100% electrically tested and visually 
screened followed by sample testing for electrical, visual 
and mechanical defects to determine the outgoing PPM 
defect rate. With a quality goal of 100 ppm or less, 
Raytheon's devices have failure rates well below the 
industry standards. 
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Assembly 



T 



25°C DC 



I 



PCT Monitor 



I 



100°C Functional 



I 



Plastic Process 
Monitor 



T 



PPM QA Gate 
Electrical 
Visual/Mechanical 



Pack 



I 



Ship 



65-4198 

Figure 5. Linear Plastic Flow Chart 



Major Programs 

Raytheon Semiconductor is involved in major programs 
which require and support a high level of quality and 
reliability expertise in the design, manufacture and 
control of our products. 

The commercial programs address such market 
segments as computers and automotive. These markets 
are a driving force within Raytheon's commercial 
product quality and reliability controls. 

The most significant military program is JAN 38510 
which requires a Defense Electronics Suppiy Center 
(DESC) certification of our fabrication and 
manufacturing lines. The JAN military specifications and 
MIL-l-45208 form the foundation of our QA system, 
thereby benefiting all products — JAN, 883 compliant, 
DESC Standard Military Drawings (SMD), Source 
Control Drawings (SCD), and commercial. 

An extensive statistical process control program has 
been initiated which includes wafer fabrication 
processing, quality assurance monitors, assembly 
monitors, environmental screening and electrical testing. 

Internal Audit Program 

Raytheon Semiconductor maintains an internal audit 
program which requires the auditing of all product 
processing and control systems. This audit verifies 
conformance to manufacturing and quality procedures 
identifying areas needing improvement and 
enhancement. 

Process Monitors 

Extensive process monitors in fab, assembly and 
electrical test are a critical part of Raytheon's quality 
program. These enable early detection of process 
problems as well as characterization of process 
improvements. 

Reliability Monitor 

The Reliability Monitor Program monitors, on a 
continuing basis, the reliability of all IC products in 
hermetic and plastic packages. This program requires 
that periodically several different part types from each 
microcircuit technology group as detailed in Appendix E 
of MIL-M-38510 be evaluated to the MIL-STD-883 Test 
Method 5005 Groups A, B, C and D test requirements. 
The data generated from this program provide a basic 
library of reliability information on many product types 
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and is used to provide Quality Conformance Inspection 
(QCI) data to meet customer-specific group test data 
requirements. 

Military Programs 
JAN-MIL-M-38510 

Raytheon's foremost commitment is to the JAN MIL-M- 
3851 0 program which is administered by the Defense 
Electronics Supply Center (DESC) and the Defense 
Logistics Agency (DLA) of the Department of Defense. 
We maintain DESC certified wafer fabrication, assembly 
and test facilities which allow us to provide an extensive 
number of JAN QPL device types. 

The JAN 38510 program is designed to provide a 
consistently high reliability hermetic product 
manufactured to a standard process flow and quality/ 
reliability program as defined in MIL-M-38510, MIL-STD- 
976 and MIL-STD-883 and the resulting baselines. 

A JAN device is identified and branded with a unique 
part number as shown in Figure 7 and Table 8. The 
device is also branded with our manufacturers' 
designating symbol (CORP or RP), logo (RAY or R), the 
sealing cycle date code, country of origin, a two-digit fab 
quarter code (indicating year and quarter in which die 
fabrication was completed, and the applicable 
electrostatic discharge sensitivity identifier. 

A current listing of Raytheon's JAN 38510 QPL devices 
may be obtained by contacting the nearest Raytheon 
Field Sales Office. 

883 Compliant 

The 883 compliant program offers hermetic products 
assembled and tested to the requirements of paragraph 
1.2.1 of MIL-STD-883 for Class B devices. With 
Raytheon as the qualifying activity and offshore 
assembly permissible, these devices are as close as 
one can get to JAN 38510 reliability using a standard 
process flow (See Figure 6). 

Raytheon's 883 compliant program is complemented by 
our active participation in DESC's Standard Military 
Drawing program. 

A current listing of our 883 compliant devices which 
includes those DESC SMDs for which Raytheon is an 
approved source of supply may be obtained by 
contacting the nearest Raytheon Semiconductor Field 
Sales Office. 



38510 
JAN Class B 
USA Built 
Asssembly 



883 
Class B 
Assembly 



Internal 
Visual 
M2010CondB 



STABake 
M1008CondC 
24-Hrs + 150°C 



Temp Cycle 
M1010CondC 

10 Cycles 
-65°Cto-150°C 



Constant 
Acceleration 
M2001 Y Axis Only 
Per Pkg Reg 



External Visual 



Pre Bum-In 
Elec Parameters 
Per Device Spec 



Burn-in 
M1015 



Post-Bum 
Elec Parameters 
Per APP Device 

Series 
@ 25°C + PDA 



Final Electrical 
+25°C, -55°C, 
+125°C 



Fine Leak 
M1014AorB 
Gross Leak 

M1014C 



External visual 
M2009 



OCI Sample 



Figure 6. Screening for JAN and 883 Compliant Devices 



Lead Finish 

Raytheon offers two lead finished — solder dipped and 
matte tin plate (non-JAN only). The preferred and 
recommended lead finish is solder which is tin plated 
prior to dipping. 

Raytheon offers a solder lead finish that will meet the 
solderability requirements of MIL-M-38510. 
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JM 38510 / XX XXX Y Y Y 



JAN prefix (which may be applied 

only to a fully conformant device per 
paragraph 3.6.2.1 and 3.6.7 of MIL-M-38510 

MIL-M-3851 0 

Hor/ 

/ = no radiation hardness assurance 
M, D, R and H = levels of hardness 

Slash Sheet Number 

Device Number on Slash Sheet 

Screening Level S, B 

Package Outline Letter/Number 

(see Table 8) 

Lead Finish 

A = Solder Dipped 



Table 8. JAN Package Codes 



Figure?. MIL-M-38510 Part Marking 



38510 Outline 
Letter/Number 



38510 Type 
Designation 



Description 



A 
B 
C 
D 
E 
F 
G 
H 



F-1 
F-3 
D-1 
F-2 
D-2 
F-5 
A-1 
F-4 
A-2 
D-3 
F-6 
D-9 
D-4 
D-5 
D-8 
F-9 
D-6 
C-2 
C-4 



14-lead, 1/4x1/4Cerpak 
14-lead, 3/16 x 1/4 Cerpak 
14-lead, 1/4 x 3/4 Cerdip 
14-lead, 1/4x3/8 Cerpak 
16-lead, 1/4 x 7/8 Cerdip 
16-lead, 1/4 x 7/8 Cerpak 
8-lead, TO-99 can 



10-lead, 1/4x1/4 Cerpak 
10-lead,TO-100 can 



J 
K 
L 
P 
Q 
R 
S 
V 
2 
3 



20-terminal, 3/8 x 3/8 Chip Carrier 
28-terminal, 1/2x1/2 Chip Carrier 



24-lead, 1/2x1-1/4 Cerdip 
24-lead,3/8x5/8Flatpak 
24-lead, 1/4x1-1/4 Cerdip 
8-lead, 1/4x3/8 Cerdip 
40-lead, 2x5/8 DIP 



20-lead, 1/4 x 1-1/16 Sidebraze DIP 



20-lead, 1/4 x 1/2 Cerpak 
1 8-lead, 1/4x5/16 Cerdip 
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INTRODUCTION 

A Voltage-to-Frequency Converter (VFC) acts 
just as the name suggests: it converts a DC 
input voltage into a pulse output frequency. As 
the magnitude of the input voltage increases, 
the output frequency increases. This is a linear 
relationship, and high linearity means 
accuracy in conversion. By connecting the 
frequency output to a digital counter, and 
counting for a precise interval, a binary number 
is stored directly proportional to the input 
voltage. This creates a voltmeter, or integrating 
A/D converter. 

The conversion is accomplished with a charge 
balanced feedback loop. This analog method 
of conversion and its inherent linearity assure 
that over the entire range of input voltages, 
there will consistently be a proportional binary 
code from the counter. This means that the 
system is inherently monotonic. Specifically, a 
converter with .01 percent nonlinearity has 
accuracy and monotonicity equivalent to a 12 
bit parallel A/D converter. 

When compared to the other methods of A/D 
conversion, the VFC's disadvantage is longer 
conversion time, equal to the sample period. 
This disadvantage can be a positive design 
feature for measurements in a noisy 
environment, because the longer sampling 
period averages out noise. The conversion time 
may be reduced by using a VFC which is 
accurate at higher frequency. Raytheon's 4153 
VFC can give 3-1/2 digit conversion in less than 
5mS. Successive approximation techniques 
are fast, but very sensitive to noise. In 
comparable systems, the three different 
methods of conversion are equivalent in 
resolution, temperature sensitivity, and 
nonlinearity. Dual slope conversion is a 
compromise betweeen successive 
approximation and V-to-F conversion, because 
it has good noise rejection and a moderate 
conversion time. 



Modern integrated circuit technology made the 
VFC a cost effective alternative to these other 
A/D systems. A few years ago the VFC was a 
black box; bulky and expensive. Then hybrid 
and modular versions were introduced, 
bringing efficiency and priced under one 
hundred dollars. In 1976 Raytheon introduced 
the world's first monolithic VFC, the 4151. 
Since then the 4152 and 4153 have been 
designed, for increased performance and with 
fewer external components. Raytheon's 
monolithic converters offer competitive 
performance when compared with modular 
versions, while providing increased flexibility 
in modifying design parameters, and costing 
much less. 

The future will see increased use of VFC's in 
places where other methods of conversion are 
presently employed in addition to a variety of 
newer non-conventional applications. The 
advantages of VFC's are in their size, cost, and 
serial output, which allow them to be located 
near the source of analog data. VFC's can 
provide the inverse function, frequency-to- 
voltage conversion. Raytheon converters can 
be connected in a number of configurations to 
fill most needs. The applications described in 
this publication include microprocessor 
interfacing, motor speed controls, phase lock 
loops, and other unique circuits. 



BASIC OPERATION 

The output of a VFC consists of a series of 
negative going pulses. The pulse width remains 
constant (one shot period determined by 
external components) while the duty cycle 
varies in response to the input voltage. Thus it 
is an A/D converter with a serial output. Figure 
1 and 2 show the principles of a positive input 
precision mode VFC using a 4153. 
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Fig. 1 VFC Block Diagram 
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Fig. 2 4153 Timing Waveforms 



The heart of a VFC is the switched current 
source, which can deliver discrete amounts of 
charge precisely controlled in amplitude and 
duration. 



The integrator algebraically sums the positive 
current, ViN/RiN,with the negative current 
pulses from the switched current source. This 
integrated sum (waveform C of Figure 2) is 
applied to the trigger input of the one shot. If 
that voltage becomes less than the trigger 
threshold, the one shot fires, pulsing the 
switched current source and the logic output 
(waveform E). The Iout pulse from the current 
source causes the integrator output to ramp up 
for the period of the one shot, and then ramp 
back down to the trigger voltage. The slope of 
this downward ramp is proportional to the input 
voltage. The system acts as a charge balanced 
loop, with the interval between one shot firings 
determining the duty cycle, proportional to the 
input voltage. To summarize; the one shot 
works continually, by increasing the frequency 
of Iout pulses, to keep the output of the 
integrator above the trigger threshold. If the 
positive input increases the frequency of 
negative Iout pulses will increase to keep the 
integrator output high. 

Comparison of the 4151 and 4152 
to the 4153 

The 4151 and 4152 operate much like the 4153, 
except for differences in polarity and voltage as 
Figure 3 illustrates. For the precision circuit, 
the input voltage must be negative, because the 
switched current source output is positive. 
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Fig. 3 4151/4152 Timing Waveforms 



Consequently the integrator ramps up to the 
one shot threshold instead of down. The one 
shot comparator threshold is set externally, 
and the one shot waveform is inverted. The 
equations for one shot time and output 
frequency also differ. These differences are 
attributable to the philosophy with which the 
4153 was designed. The 4153 was intended to 
be connected in the precision configuration, 
and contains an internal op amp. The current 
output was made negative so that the input 
voltage would always be positive. This function 
meets more user needs than the requirement of 
a negative input and allows the use of high 
performance NPN transistors in the switched 
current source. 

The 4151 was the first monolithic VFC, 
providing the basic function at low cost (less 
than one dollar in quantity). The 4151 was 
followed by the 4152 as a pin compatible 
replacement offering improved specifications, 
especially temperature drift. The 4153 
combines the basic components with an on 
board op amp to minimize the number of 
external components required for precise 
applications, giving the user additional 
convenience and improved specifications for 
temperature drift and linearity, especially at 
frequencies over 10 kHz. 



The graphs in Figures 4 through 9 show the 
differences in performance of the three 
Raytheon VFC's. The curves for the 4151 and 
4152 were derived with the VFC in the current- 
sourced precision circuit from the 4151/4152 
Data Sheet. The voltage-sourced circuit is 
slightly different, it has pin 1 (lo) connected to 
ground rather than to the summing mode of the 
op amp. When compared to the current- 
sourced circuit, the voltage-sourced circuit 
optimizes temperature performance at the 
expense of linearity. 

Figure 4 depicts how linearity is degraded with 
increasing full scale frequency. Degradation 
occurs because of switching problems in the 
one shot affecting the total amount of charge in 
each lo pulse. Variations from the precise 
charge cause deviations in the integrator 
output, affect the intervals between triggering, 
and change the output frequency from its ideal. 
Notice that the 4153, with its high speed ECL 
logic, has improved high frequency linearity. 

Temperature drift is affected by increasing 
frequency as illustrated in Figures 5 and 6 at 10 
kHz and 100 kHz. The 4153, with its buried 
zener reference, outperforms the 4151 and 
4152. The reference, the switched current 
source, the resistor and capacitor temperature 
coefficients all contribute to temperature drift. 
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Fig. 4 Scale Factor vs. Typical Peak Nonlinearity 
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Fig. 6 100KHz Full Scale Temperature Drift 
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Fig. 8 50KHz V-to-F Nonlinearity 

For absolute best performance use a 
temperature stabilized external reference, such 
as an LM199, heat the 4153 with an external 
heater, measure, then select resistor and 
capacitor temperature coefficients. 

Frequency-to-Voltage Conversion 

A VFC can also work backward. With a change 
in configuration the VFC will convert an input 
pulse train into a DC Voltage proportional to 
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Fig. 7 10KHz V-to-F Nonlinearity 
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Fig. 9 100KHz V-to-F Nonlinearity 

the frequency of the pulses (see Figure 10). The 
higher the frequency is, the higher the DC 
output voltage becomes. This mode has one 
inherent problem - the DC output contains a 
ripple component equal in frequency to the 
input pulses. The proper use of filtering can 
reduce this ripple, but will also decrease the 
response time. A trade off must be made 
between response time and ripple. Generally 
the filtering should be as large as the 
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VOUT 



Fig. 10 Frequency-to-Voltage Conversion 




O VOUT 



Fig. 11 Second Order Active Filter 



acceptable response time will allow. The width 
of the pulses from the incoming frequency 
must be less than the period of the one shot 
(see appendix, FVC Signal Conditioning). 

The input triggers the one shot, switching the 
current source, thereby delivering a well 
defined amount of charge to the op amp 
integrator. This produces an average voltage at 
the output proportional to the repetition rata of 
the incoming pulses. Replacing the single pole 
integrator with a second order (double pole) 
filter improves response time and output ripple 
(see Figure 11). 

The ratio of the time constants R1 C1 and R2 C2 
determines the response to a step change in 
input frequency. The response will be critically 



damped if R1 C1 = 4(R2C2). Optimal results are 
obtained when R1C1 = R2C2, which provides a 
damping factor of one half. Choose capacitors 
C1 and C2 and the one shot timing capacitor for 
minimum ripple over the desired range of 
operation . Empi rical tests show that the peak to 
peak ripple is less than 1 00 m V (1 0 Hz to 1 0 kHz) 
when R1 = 100K and C1 = 0.1 microfarad. 

Frequency-to-voltage converters are useful in 
analog transmission systems where a VFC 
transmits a pulse train over a twisted pair to be 
received by a FVC. The FVC converts this back 
into a voltage for analog signal processing or 
chart recorder output. Other uses include 
motor speed controls, phase lock loops, 
frequency scaling, and FSK demodulation. 
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INTEGRATORS AND A/D'S 

Long Term Integrators 

Accurate analog integrators which operate 
over a wide dynamic range or which integrate 
over extended periods are difficult to build. 
Expensive, low drift, low leakage op amps and 
capacitors can be replaced by a voltage-to- 
frequency converter and a counter. The signal 
to be integrated is converted to a frequency and 
counted over a known sample period, 
providing a total count equal to the time 
integral of the signal (See Figure 12). 

dt 

JVt= K/Fdt= KfdNT = KN 

where N = Total count 

and K = VFC Scaling Constant 



An integrator is an A/D converter with a long 
sampling period. With many A/D conversions, 
such as a DVM, the task is not to get integration 
over long periods but rather to get accurate 
resolution in a short period. VFC's are scaled to 
give many pulses in this short period, in order 
to achieve a high binary count (increasing 
resolution). 

For fast conversion, the 4153 offers the best 
linearity and temperature accuracy at high 
frequency. 3-1/2 digit accuracy may be 
obtained in 5 mS. This is comparable to many 
dual slope converters, at a lower cost, while 
retaining the transmission advantages of a VFC 
converter. 
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Fig. 12 Simple Integrating A/D Converter 



In addition to their ability to integrate over long 
periods of time, VFC A/D converters have the 
following advantages: 

1. Wide dynamic input range due to inherent 
VFC linearity (10,000 to 1). 

2. The process can be interrupted without 
affecting the integrated value (no droop 
due to RC time constants). 

3. The output may be directly interfaced to a 
digital information processing system, used 
for a seven segment display or converted 
back to analog with a low cost D/A 
converter. 

4. The digital counter may be preset to any 
desired value before integrating up 
(or down). 

5. The resolution and conversion speed are 
totally controlled by the system designer. 

6. VFC A/D's have high monotonicity due to 
their inherent linearity. 

7. High noise rejection when integrating with 
a sample period longer than the period 
of the noise. 



Design Example - Sun Power Integrator 

The following example is a system that 
integrates the amount of sunlight on a photo 
cell over a 12 hour period. The maximum 
output of the cell is 5 volts, and the visual 
display must be accurate to 3 digits. Since it is 
easy to convert a binary count to decimal 
display with a binary to seven segment 
counter-driver, such as an ICM 7225, we need 
to select a VFC scale factor which will give us a 
count divisible by 10 after our 12 hour sampling 
period. The minimum scale factor is 1 Hz per 
volt, so the output must be equal to or greater 
than 1 0 Hz full scale. There are 43,200 seconds 
in twelve hours, so 43,200 is the minimum 
binary count per volt. The components used for 
1 Hz per volt are somewhat unwieldy, therefore 
a larger scale factor must be used. If we use a 
maximum binary count of 5 million for 5V input, 
a 1 million binary count will equal one volt over 
12 hours. One million pulses per 43,200 
seconds equals a scale factor of 23.15 Hz per 
volt. This allows more reasonable values of 
resistors and capacitors (see data sheet for the 
specific VFC being used). The seven segment 
counter driver automatically decodes binary- 
to-decimal, however with insufficient binary 
counting stages internally, a pre-counter must 
be added. By moving the decimal place six 
places the display reads directly in volts. 

The time base can be made from a 555 timer 
operating at low frequency. The 555's output 
can be divided further by feeding it into the 
clock input of a counter, giving extremely long 
sample periods from the MSB output. 
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Fig. 13 Sun Power Integrator 

Low Level A/D Converter 

A disadvantage of conventional VFC A/D 
converters is that the resolution of small signals 
is not as good as for large signals. Small 
voltages give a total count much less than the 
capacity of the counter, reducing accuracy, 
even though the output of the VFC is highly 
accurate. The normal solution is to add a 
preamplifier for small signals. However, this 
causes errors and must be switched out to 
measure large signals. When small signals 
must be processed, measure the period, rather 
than the frequency of the VFC output, by 
counting a high frequency reference oscillator 
during the interval between VFC pulses. 

The leading edge of the first VFC pulse toggles 
the flip flop high, enabling the counter to begin 
counting the 1 MHz oscillator frequency. The 
leading edge of the second VFC pulse toggles 
the flip flop again, disabling the counter. The 
counter now holds a binary count inversely 
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Fig. 14 Low Level Pulse Width A/D Converter 

proportional to the voltage input. In this 
system, the smaller the signal, the greater the 
resolution. Note that the input must be large 
enough to provide at least two output pulses, so 
the interval between them may be measured. 

The input may have a small DC bias applied to 
it, placing it on the threshold of producing an 
output, to provide resolution in microvolts. This 
technique is very useful for measuring low level 
transducer outputs, such as a thermocouple. 

The circuit of Figure 14 has the opposite 
problem of the conventional VFC A/D 
approach. Large signals applied to the VFC 
cause a small period, and therefore lower the 
resolution, because fewer oscillator pulses will 
be counted. The problem is solved when we 
combine both techniques. The next circuit 
measures both the period and the frequency of 
the VFC output. 
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Process Trend Indicator 

With the conventional technique of VFC 
integration (Figure 12), the digital count is a 
true representation of the integration only after 
the sampling period is completed. To get an 
integration after some intermediate time, more 
counters with different sampling periods would 
be required. The following system is another 
long term integrator, but has the advantage of 
continuously updating the digital output with a 
short sampling period. 

The differential amplifier at the input subtracts 
the present VouTfrom the input. This difference 
signal is put through an absolute value circuit 
and a scaling pot, which applies a positive 
voltage proportional to the magnitude of the 
differential input to the input of the VFC. During 
the sample period, the up/down counter counts 
the output frequency of the VFC. The counter 
counts up or down depending on the sign of the 
output of the differential amplifier. If the 
present output is greater than the input, it 
counts down. If the input is greater, it counts 
up. At the end of the sampling period the count 
is latched into the input of the D/A converter, 



which now supplies the new output. The output 
of the latches can be used as the digital 
integrated output. The time derivative of the 
integration (the degree of smoothing) is 
determined by the scaling of the inputs to the 
differential amplifier and by the scaling of the 
input to the VFC. The change of the output 
between samplings is proportional to the 
difference between the present output and the 
new input. 

The two counters are controlled by a D-type 
positive edge triggered flip flop. The lower one 
stores a count proportional to the time between 
the first pulse and the last pulse in the sample 
period. The upper one is clocked by the VFC 
output pulses and stores the total number of 
VFC pulses in the sample period. Deriving the 
period between pulses and the input voltage is 
simple arithmetic since we know the total time 
for a number of pulses. Now we have a flexible 
system that will measure a wide range of input 
voltages with high resolution without the use of 
expensive components. 
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Ratio Computers 

Sometimes a need arises for a circuit that 
provides an output proportional to the ratio of 
two input signals. Examples include power 
measurement and transfer function 
determination. The circuit shown in Figure 17 
uses two VFC's and some digital processing to 
produce a binary number proportional to the 
ratio of two input signals. This digital output 
may be used directly or converted back to a 
voltage with a D/A converter. Vin 2 is converted 
to a square wave by the flip flop. This square 
wave (d i vided by 2) is used to gate the output of 
VFC 1 . Thus, the number of pulses from output 
one per pulse of output two is counted. Note: 
The frequency from VFC 1, and therefore the 
input to VFC 1, must be more than or equal to 
that of VFC 2. 



System timing must be tailored to individual 
applications. Many modifications to this design 
are possible. For example, over/under range 
alarms, channel steering for ratios less then 
unity, or dB or other non-linear conversions by 
the use of ROM's in decoding. 

Another economical method for achieving ratio 
measurements that can be accomplished easily 
with a VFC is measuring resistance ratio. This 
could be done with the previous circuit by 
using a bridge and differentially amplifying the 
output, and then measuring the ratio between 
the supply voltage and the differential amplifier 
output. This application will achieve highly 
accurate results, but there is another method 
that uses only one VFC in the precision mode 
(see Figure 18). The equation for output 
frequency of the 4152 is: 



Count Out = K 
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Fig. 18 Precision VFC Ratio Circuit 
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The output frequency is directly dependent on 
the ratio 

Rs 
Rb 

The resistor to be trimmed is connected to the 
Rs position. The reference resistor is 
connected to the Rb position. Vin is adjusted to 
-9.67 volts. When the ratio is unity the output 
frequency will be 10 kHz. The output could be 
compared to a reference frequency or read on a 
frequency counter. Note: this application will 
not work with a 4153 because the Rs resistor is 
internal and cannot be adjusted. 

A similar application is measuring capacitance. 
By using the same precision mode circuit, we 
can derive the value of the Co by making Rs, Rb, 
Ro and Vin constant. The output frequency is 
proportional to 

1 

Co 

and the period is directly proportional to the 
capacitor-under-test Co. If the need is to 
compare a capacitor with a reference 
capacitor, or the measure a single capacitor 
value in high volume, then the output can be 
compared to a reference frequency. The 
difference, or beat, frequency may be 
monitored as an audio signal as well as read 
with a counter. 
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Fig. 19 Block Diagram for Microprocessor DVM 



OSI Microprocessor DVM 

VFC integrators and A/D converters are very 
useful in microprocessor controlled systems. 
Several similar sources of analog data may be 
multiplexed and then converted with one VFC 
and counter, or several individually tailored 
converters may be digitally multiplexed. The 
sampling period can be derived from the 
system clock and modified with software to 
compensate for different scale factors. Offset 
drift and gain errors can be automatically 
compensated with an auto-zero approach. 

The greatest source of error in VFC converters 
is scale factor drift. The temperature coefficient 
of the 41 53 is guaranteed at 50ppm/° C with an 
external reference. Using resistor and 
capacitor temperature coefficients of 50ppm, 
the worst case temperature coefficient would 
be about 150ppm/°C. This would lead to a 
±.15% error over a 10° C range. This can be 
corrected by a careful selection of 
components, but there is a better approach. By 
applying a known reference voltage to the VFC, 
a correction term can be generated to 
automatically eliminate gain error and offset 
drift. The correction term can be applied within 



the program or through a D/A convertor to the 
VFC. Thermal changes occur slowly in most 
systems, so the scale factor updating cycle is 
typically run at a small fraction of the signal 
conversion rate. In systems requiring very low 
data rates, program a calibration cycle 
immediately ahead of the signal conversion 
cycle. 

Figures 19 and 20 show in detail a DVM using a 
4153 and an Ohio Scientific C1P 
microcomputer. The 6502 microprocessor in 
the C1P controls the counters, and puts the 
data in memory for display on a CRT. 

A 4153 connected for 1 kHz full scale operation 
clocks two four bit counters, which in turn are 
buffered into the microprocessor data bus. 
Control of the buffers and counters is derived 
from the microprocessor address bus via hard- 
wired logic and an eight bit latch. Figure 19 
shows the block diagram and Figure 20 shows 
the complete schematic. 

The program first clears the display, takes 10 
sample readings and averages them, then 
displays the result. We will look at the program 
step by step and follow the operation in the 
diagrams. 
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REM = Remark 

10 X=236 

20 S=10 

30 FOR Y=1 TO 5:PRINT:NEXT 

40 A1=0 

50 FOR V=1 TO 5 

60 POKE 63487,0:REM Clear Counters 

70 POKE 63487,255:REM Start to Count 

80 FOR T=0 TO X.NEXT 

90 POKE 63487,253:REM Stop Count 

100 A=PEEK(63486) 

110 A=10.004*A/253 

120 PRINT A 

130 A1=A1+A 

140 NEXT V 

150 A1=A1/S 

160 A1=01*INT(100*A1) 

170 PRINT"READING"; A1;"VOLTS" 

180 PRINT 

190 GOTO 30 

Figure 21. OSI Program Listing 



The first four lines initialize the program, clear 
the output variables, and erase the display. Line 
50 sets up the iterative loop for the averaging 
routine. Lines 60 through 100 actually take the 
measurement. The addresses that the hard- 
wired logic was designed for were selected by 
checking the memory map for unused 
locations. Line 60 addresses location F7FF, 
which latches in the binary number 0 from the 
data bus. The latch output resets the two binary 
counters to zero, and keeps them from 
counting until the next program line. Line 70 
again addresses the latch, and the data bus 
word enables the count to begin. The next two 
lines are an iterative loop which sets the sample 
period, which ends when the latch is again 
addressed. The counters now contain a binary 
number proportional to the VFC output 
frequency. Note that there are 6 unused latch 
outputs which may be used for other purposes. 

The program now addresses F7FF, which 
selects the tri-state buffers and loads the 
counter outputs onto the data bus. The 
measured count is converted to an equivalent 
voltage reading by finding ratio of that count to 
the full scale count and multiplying it by what 
has been defined as the full scale input voltage. 



N 

Vin = Nfs (Vfs) 

Where N = present count, Nfs = full scale 
count, and Vfs = Vin for full scale count. 

In this application 10.004 volts was applied to 
the VFC, and the sampling period was adjusted 
until the counters had counted without going 
overflow (in this case 253, due to non ideal 
timing increments). 

Example 

When 3 volts is applied to the VFC, the counter 
will count to three tenths of the full scale, or 76. 
Accuracy to within three digits is obtained by 
dividing 76 by 253, which equals .30039. 
Multipling the result by 10.004 will yield an 
answer of 3.005 volts. When this is combined 
with the averaging techniques, it will provide 
three digits of accuracy consistently. This 
allows for scale factors other than those 
divisible by ten. 

Line 110 provides this computation, and lines 
120 through 150 are part of the 10 reading 
averaging technique. Line 160 truncates the 
unneeded digits, as the accuracy is limited by 
the 8-bit data capacity. The last lines display 
the final averaged result and loop back to the 
beginning of the program. The value of S set in 
line 20 determines the number of samples 
averaged. Line 120 prints the individual voltage 
readings, and may be deleted after debugging 
is completed. 

Our system was constructed using two 
separate P.C. boards; one for the interface, the 
other for the 4153 and counters. The interface 
can then be used for other purposes. All the 
IC's in the interface are 54/74 Series TTL, so the 
interface may be used with any microprocessor 
with a compatible bus, providing the two 
address codes are in unused locations. 

The 4153 is set up for approximately 1 kHz F.S. 
operation, but the user can and should 
experiment with results. The 4153 input is 
buffered by a voltage follower in order to 
minimize circuit loading. In order to minimize 
temperature drift and nonlinearity, good 
grounding practices, well bypassed supplies, 
and low temperature coefficient components 
should be used. 
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DATA TRANSMISSION 

Telemetry (remote monitoring) is an 
application that is well suited for converters. 
Analog information can be transmitted through 
environments of high electrical noise (such as a 
manufacturing facility) or over long distances 
while retaining a high degree of accuracy. 
While this application could work with 
conventional A/D and D/A converters 
transmitting parallel data, or through a parallel 
to serial converter, a simpler cost effective 
solution exists. A VFC converts the analog 
signal directly to serial form, where it is 
transmitted to a FVC for reconstruction of the 
analog signal, or is converted directly to digital 
via a counter and latch. 

The open collector output of the VFC can be 
used directly for twisted pair lengths of several 
hundred feet. For distances of several 
thousand feet a line driver and receiver can be 
used. Longer distances will require radio or 
telephone FSK transmission. 
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The VFC is powered by a floating power supply 
and transmits a pulse train to the medium. The 
medium is usually an optoisolator (LED and 
photo transistor in one package), but it could 
be a transformer or even a speaker and 
microphone. The medium can also serve as the 
transmission line, i.e., an optical fiber, infra- 
red, or radio transmitter. The pulses from the 
medium can be reconverted with an F to V 
converter or used for direct digital output. 

Figure 24 shows a circuit which uses an LED 
and a phototransistor to provide electrical 
isolation between the transducer and the rest of 
the system. This is generally used to protect 
microcomputers from transient voltages and 
grounding problems, or where a transducer 
has a high voltage on it. 

The optoisolator is pulsed directly by the VFC 
at the relatively low level of 10mA, conserving 
power. One stage of gain is added to the 
receiving side, the light emitted by the LED 
provides base current to turn on the 
phototransistor, turning off the output 
transistor and giving a logic High out. This 
circuit has a wide bandwidth and will drive at 
least 6 standard TTL loads. 
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Fig. 23 VFC Isolation 



VFC Isolation (Figure Z'6) 

Some applications require that the transmitter 
be electrically isolated from the receiver due to 
high voltages existing between them. The 
classical solution is to use an isolation amplifier 
and an A/D converter. For high accuracy (12 
bit) the cost of these becomes prohibitive when 
compared to VFC isolation schemes. 
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Fig. 24 VFC Optoisolator 
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Fiberoptic Transmitter 

Figure 25 shows a typical scheme for isolation 
and transmission using a precision VFC and 
fiberoptics. 

Most fiberoptic transmitters require currents in 
excess of the output drive capability of 
Raytheon VFC's. Since the current must be a 
pulse of short duration and the VFC supplies 
negative going output pulses, the output is 
inverted with a PNP transistor, Q1. This 
transistor must be selected for a current 
capability equal to the requirements of the 
transmitter. Pulses of light are sent through the 
fiber to be received by the photodiode. The 



light received by the photodiode is converted 
into a small current. This current is amplified by 
A1 and applied to the comparator, A2. This 
hysteresis comparator has an adjustable 
reference to set the threshold for the logic 
output. The circuit as shown has a bandwidth 
sufficient to handle 20 kHz signals. 

A common requirement of communications is 
the transmission and decoding of binary data 
as two or more discrete frequencies. This 
frequency shift keying function is easily 
implemented using a VFC, 2 transistors, and a 
flip flop. Two circuits are shown, one using a 
4153, and the other a 4151 or 4152. 
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4153 FSK Modulator (Figure 26) 

When the logic input goes High, Q1 is turned 
on, which turns Q2 on. The input current is 

Vref - .2V 
R1N1 

The one shot frequency will increase to 
balance this input current. If the logic input 
goes Low, Q2 turns off. The integrator input 
current is 

Vref 



R1N1 + R1N2 

so the one shot frequency, and therefore the 
logic output frequency decreases to balance 
the loop. The output pulse frequency is applied 
to the toggle, which divides by two, and 
provides an output square wave of half the 
frequency of the VFC. This is applied to a 
lowpass filter to round the edges for 
transmission over public telephone lines. 
Figure 27 is a table of component values for the 
two ranges of the Bell 103 standard. 
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= 1070Hz 
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Rini 


= 28.3K 
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4151/2 FSK Modulator 

Figure 28 shows a simple FSK modulator using 
a 4152. When the logic input goes high, Q1 
turns on and shorts out Rs2, thus changing the 
scale factor. Overall frequency trim may be 
changed by trimming Rin or Rb, and relative 
trim by adjusting Rsz Fo is equal to 

(Rs) (Vcc) 
2.53 RoCoRb 

An inverter on the input may be necessary to 
keep your system's logic polarity correct, as the 
output frequency decreases with a logic High 
input. Components for the filter must be 
selected with the bandwidth and response time 
limitations of the medium in mind. 



Mark = 1070Hz 
Space = 1270Hz 
Ro = 6.8K 
CO = 0.025 M F 
RB = 100K 
CB = 4.7 M F 
RS1 = 12.3K 
RS2 = 2.3K 



Mark = 2025Hz 
Space = 2225Hz 
RO = 6.8K 
CO = 0.025 M F 
RB = 100K 
CB = 4.7 M F 
RS1 = 23.2K 
RS2 = 2.3K 



Fig. 29 4151/2 FSK Component Values for 
300 Baud Bell 103 Standard 



Fig. 27 4153 FSK Component Values for 
300 Baud Bell 103 Standard 
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Digital Frequency Encoding 

Generation of more complex encoding, such as 
an encoder providing 10 linearly separated 
frequencies, is easy with an extension of the 
previous circuits or with the help of a D/A 
converter. 

Figure 30 shows how a D/A can be connected 
to a VFC. The binary input code is converted to 
a voltage by the D/A converter, and then 
applied to the VFC. The VFC's output is then 
divided by two by the toggle in order to get a 
square wave output. Figure 21 shows a digitally 
programmable clock generator using a 4153. 
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Fig. 30 Digitally Controlled Frequency Generator 

This circuit provides a 100 Hz to 9.9 kHz square 
wave output programmed by thumbwheel 
switches or by an 8-bit BCD coded binary input 
word. The output changes in 100 Hz steps -one 
step for each least significant digit change. The 
DAC-20 is a 2 digit BCD D/A converter which 
provides a 0 to 1mA current output. The 
reference voltage for the D/A is provided by the 



4153. Ai converts the D/A's current output to a 
0 to 9.9V signal applied to the 4153 VFC. Scale 
factor for the VFC is 2 kHz/volt, which is then 
divided by two by the 7474 latch (connected as 
a toggle). This gives a square wave output of 
100 Hz to 9.9 kHz. Scale factor of the VFC may 
be adjusted to give the desired range, up to a 
100 kHz square wave output. To calibrate, set 
the D/A inputs to maximum (1001 1001), and 
trim the 5K pot until output is 9.9 kHz. Then set 
the inputs to minimum (0000 0001) and adjust 
the offset (10K pot) until the output reads 100 
Hz. The 4153's linearity ensures that all other 
settings are in calibration. Other types of D/A 
converters may be used, as well as different 
frequency scalings and output signal 
conditioning. 

Bipolar Telemetry Scheme 

Figure 32 shows a complete transceiver for 
serial transmission of bipolar analog signals 
over a twisted pair (or any other form of 
transmission). It overcomes the usual 
limitations on bipolar serial transmission by 
encoding the pulse output. Negative input 
voltages are transmitted as a negative going 
pulse train and positive voltages as a positive 
going pulse train. This information is decoded 
into a frequency output proportional to the 
magnitude of the input, and a sign output 
dependent on the polarity of the input. 
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The absolute value circuit applies a voltage 
proportional to the magnitude of the input to 
the VFC. The frequency output of the VFC is 
encoded with the polarity output of the 
comparator, giving a coded signal which is 
transmitted to the decoder. 

The absolute value circuit provides a positive 
voltage equal to the magnitude of the input 
voltage.This buffered output is applied to the 
VFC. The VFC generates 10 /xS wide negative 
going pulses with a scale factor of 1 kHz/volt. 
Full scale input is therefore 20 volts peak to 
peak. The transistor provides a logic output 
dependent on the polarity of Vin (See the 
absolute value circuit in the appendix on signal 
conditioning). This polarity signal is used to 
encode the frequency output of the VFC in a 
TTL exclusive OR gate. Positive going pulses 
are generated from positive inputs, and 
negative going pulses for negative inputs. 
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The coded pulse information is transmitted and 
applied to the D input of the 7474 latch, and to 
the two trigger inputs of the dual-edge 
retriggerable one shot (8853). For the 
components shown, the one shot generates a 
25 juS wide negative going pulse for each 10juS 
input pulse. It will trigger for negative going 
pulses or positive going pulses on the last edge 
encountered, thus producing a 25/iS wide 
pulse train equal in frequency to the data (See 
Figure 35). The rising edge of these pulses 
clock the D-latch, and the information on the D 
input will be latched in. If the pulses are 
negative going, the clock will rise when the D 
input is High, latching the Q output Low. If the 
pulses are positive going, the clock will rise 
when the D input is Low, latching the Q output 
High. The latch output now corresponds to the 
polarity of the information transmitted. The 
values given are not absolutes, and timing and 
scale factor may be adjusted to your needs. 

Two-Wire Transmitter 

Figure 36 shows a complete true two-wire 
transmission system . The same wires that carry 
the data signal also supply power to the VFC, 
eliminating batteries or isolated power supplies 
at the transducer. The circuit as shown uses the 
4151 single supply configuration, delivering « 
1% accuracy. Greater accuracy may be 
obtained by adding a single supply op amp for 
precision mode. The components shown give 0 
to 10 kHz operation. 

The output of the 4151/2 pulls current pulses 
from the transmission line, which are detected 
and output as a TTL signal by the receiver. The 
blocking diode D1 and 10juF capacitor filter the 
supply to the VFC and absorb line relections of 
the transmitted data. Bias voltage for the 
transducer can be provided by the transmitter 
supply if the current requirement is less than 5 
mA. 

Transistor Q1 provides two functions: it acts as 
a series pass transistor to regulate the 
transmitter supply, and it acts as a common- 
base amplifier for the data pulses. The current 
pulses create a voltage drop across the 120(1 
resistor, which is capacitively coupled into a 
filter and comparator. The comparator is 
connected so that the output swings from 0V to 
+5V (TTL logic). CfRf and CxRx provide noise 
filtering to reject electromagnetic interference 
from motors and power lines. CfRf controls the 



response time of the power regulator (A1 and 
Q1), and CxRx provide a lowpass filter for the 
output amplifier. D2 protects Q1 from transient 
voltages on the transmission line. Typical 
values for a 75/zS pulse width are: 

Cf = .005/* F 
Rx= 1KH 
Cx= .001/xF 

Tape Recording 

Transducer data may be stored on magnetic 
tape with a VFC. An application of this might be 
the taking of data at a remote site with only 
battery operated equipment available, or file 
storage for later reference. The data may be 
retrieved for use in digital format, or 
reconverted to analog for chart recorder 
display. 

Some signal conditioning and restrictions must 
be observed when recording data. The 
frequency response of the deck will limit the 
dynamic range of the analog data. Most 
recorders will not accept pulse trains of sharp 
square waves because of NAB compensation. 
Accuracy of the system will be limited by motor 
speed variations (wow and flutter) of the deck. 
Good battery operated cassette recorders will 
introduce about 1% to 3% inaccuracy. If battery 
operation is necessary, be sure the batteries 
are well charged, or the tape speed may vary as 
they discharge. Many cassette decks have a 
200-300 Hz AC component in the motor speed. 
This is a function of the motor poles and belt 
ratios. If higher accuracy is needed, there are a 
few expensive high quality portable recorders 
on the market that will give 0.5 percent error. 

Figure 37 shows a system for recording the 
data on tape. The VFC's pulse output is fed to a 
toggle flip flop, giving a square wave of half the 
frequency out. This signal is applied to a 
lowpass filter to round the square wave, 
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Fig. 37 Tape Recorder Interface 
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because sharp rise-times will cause the NAB 
compensation to overload the tape. Both high 
and low frequency response limit the dynamic 
range of the input, so it may be necessary to 
add a DC offset to the transducer to achieve a 
frequency offset. Excellent results in most 
applications will be obtained by limiting the 
recorded signal to a 1 to 5 kHz bandwidth. 

The signal may be retrieved from the tape by 
capacitive coupling of the output to a ground 
referenced comparator. This will give a square 
wave output which may be processed digitally 
or applied to an FVC for analog reconstruction. 
Remember that the FVC must have twice the 
scale factor of the VFC for 1 -to-1 reproduction. 



MOTOR SPEED CONTROLS 

Raytheon converters are extremely versatile in 
motor speed control circuits. There are two 
general forms for this application; one using an 
FVC providing an error signal dependent on 
variations in motor speed, and the form which 
uses a VFC to provide a pulse frequency to gate 
a power regulator. Figure 38 shows the FVC 
feedback system. 
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Fig. 38 FVC Provides Error Signal 

In this form, tachometer pulses are converted 
into a voltage dependent on motor speed. This 
signal is amplified with respect to some 
reference voltage, to provide a control signal 
which regulates the power supplied to the load. 
If the motor slows down, the DC voltage from 
the FVC decreases, which causes the control 
signal to increase, which makes the regulator 
deliver more power, causing the motor to speed 
up. This general form can be used with varied 
types of motor, tach, amplifier, and regulator 
systems. We will discuss a system which uses 
an optical tachometer, a comparator providing 



pulse width modulation, and switching 
transistor providing pulsed DC power to a DC 
motor. This concept will work with all types of 
AC tachometers if certain design rules are met. 
The error amplifier might conceivably be a 
power op amp with the output driving the motor 
directly. The power regulator might be a series 
pass transistor, a switching transistor, a triac, 
or relay, etc. The reference input to the error 
amplifier can be used to vary the motor speed 
or act as a trim for precise applications. 
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Fig. 39 FVC Provides Ramp for PWM 

Pulse Width Modulation Speed Control 

Figure 39 uses the general form of Figure 38 to 
implement a pulse width modulation scheme 
for switching control of a DC motor. This circuit 
gives excellent rejection of variations in load, 
power supply voltage, and temperature. The 
tachometer sends a pulse train to the FVC, 
which produces a ramp signal whose DC level 
is proportional to motor speed. This ramp is 
compared to a control input to generate a pulse 
width modulated signal to drive the transistor 
switch. 

The values of the components used are highly 
dependent on the tachometer, the motor, and 
its application. For smooth operation, the tach 
frequency must be much greater than the 
motor RPM's (approximately 10 times) to 
ensure that the load friction/inertia product 
does not slow the motor between tach pulses. If 
necessary, a frequency multiplier may be used 
to make the apparent ratio of tach frequency to 
motor revolutions higher. The tach pulses must 
be within the input voltage constraints for the 
FVC circuit (See appendix on FVC Signal 
Conditioning). 
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Fig. 40 Pulse Width Modulation Waveforms 



The FVC output current pulses of amplitude lo 
and width Tpare integrated by the parallel RC 
circuit RbCb. The time constant RbCb is chosen 
such that the input to the comparator is a 
triangle wave. This triangle must have a peak- 
to-peak amplitude large enough to provide 
good pulse width modulation, but also have a 
long enough time constant to provide an 
average voltage proportional to motor speed. 
The peak-to-peak voltage is given 
approximately as: 



lo 



to 



Vpeak-peak — Vhigh - Vlow ~ Qg Tp 1 — 

where: Tp= One Shot Time (1.1 RoCo) 

1 

and: T = Tacn Frequency 

The average voltage is given as 
/Tp \ 

Vcomp (Avg.) = RbIo \ j / 

Some experimenting will be necessary 
optimize your motor - tachometer 
combination. 

The speed control input (Vcontrol) is 
compared to the filtered FVC output, which 
contains a triangular ripple component and a 
DC component proportional to motor speed. 
Variations in motor demands or supply or a 
change in the control input will cause the 
output of the comparator to vary in duty cycle 
(Pulse width modulation). A speeding up of the 
motor will result in less on time of the power 
transistor, delivering less energy per unit time, 
thus slowing the motor back down. Component 
values are generally chosen for approximately 
30 to 50 percent duty cycle under normal 
loading. The comparator must have high gain 



for positive switching and must be able to drive 
the output transistor into saturation. For larger 
motors, add more output transistors (in 
parallel) to accommodate motor requirements. 

Open Loop Switching Control 

The preceding application uses an FVC to 
provide an error signal dependent on motor 
speed to provide feedback for precise speed 
control. Perhaps your application does not 
require precise control, but needs a switching 
drive to increase efficiency. This brings us to 
the second type of converter motor speed 
application, using a VFC to provide a pulse 
frequency to gate power regulator (See Figure 
41). 

The VFC provides a pulse train whose 
frequency is dependent on the speed control 
voltage. This pulse train is used to switch a 
power transistor, providing pulsed DC power to 
drive the motor. This increases the motor's 
efficiency and allows smoother operation at 
lower RPM's than a steady DC supply would. 
This AC supply has a problem of heating the 
motor if used for extended periods. 




Fig. 41 VFC Provides Open Loop 
Switching Control 



Series - Pass Summing Controller 

Figure 42 combines the low speed smoothness 
of Figure 41 with the advantages of DC power 
(low heating). The summing amplifier output 
contains an AC component produced by the 
VFC, and a DC component proportional to the 
speed control voltage. This voltage, minus the 
base-emitter voltage of the pass transistor, 
appears across the motor. The inputs to the 
summing amplifier are scaled such that the 
pulse train is eliminated when the speed 
control voltage reaches approximately 50 
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percent of the full scale value. The summing 
amplifier must be in a non-inverting 
configuration. 



+vcc 




Fig. 42 Series Pass Summing Controller 



Phase Locked Loop Speed Control 

Figure 43 shows another pulse width 
modulation scheme which has the advantages 
of increased gain at high RPM's, and that the 
tach frequency equals the VFC output 
frequency. 

The VFC provides two functions in the circuit; it 
converts the speed control voltage into a 
reference frequency with which to compare the 
tachometer frequency, and it also provides a 
triangle waveform from the integrator to be 
used to pulse width modulate the output. 

The output frequency of the VFC is compared 
to the tachometer frequency in a digital 
exclusive-OR phase comparator. For proper 
phase comparison to take place, the VFC 
output and the tachometer output must both 
have 50 percent duty cycle when locked. The 
output of the phase comparator is fed into a 
lowpass filter to give a varying DC voltage error 
signal. 



This error signal is sent to a comparator which 
functions much like the comparator in the 
circuit of Figure 39. It provides pulse width 
modulation at the output, because the other 
input is the triangle waveform from the 
integrator of the VFC. The lowpass filter must 
have a longer time constant than the integrator 
of the VFC in order to provide good pulse width 
modulation. 

Since the triangle waveform is equal in 
frequency to the VFC output, the VFC 
frequency is not only the same as the tach 
frequency, but also the drive pulse rate. 
Therefore, to ensure smooth operation, the 
tach frequency must be much greater than the 
motor RPM rate. 

The inputs to the phase comparator will vary in 
angle from 0 degrees to 180 degrees. At 0 
degrees, the lowpass f ilter output will be 0 volts. 
At 180 degrees, theoutputwill be maximum. To 
provide a proper error signal, the PWM must be 
scaled such that the system will balance when 
the phase angle is 90 degrees. 

This type of phase comparator may lock onto 
harmonics of the tach output. The range of 
frequencies over which it will lock greatly 
depends on the relationship of the lowpass 
filter and time constants of the motor drive. 
Experimentation with the lowpass filter 
characteristics, the tach pulse to motor RPM 
ratio, and scaling of the PWM inputs will be 
necessary to optimize your system. 

In the locked condition, if the motor sees a 
greater load and slows, the filter output voltage 
increases and provides more on time to the 
output transistor to speed it back up. The peak 
amplitude of the triangle waveform decreases 
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as the VFC frequency increases. For a 50-to-1 
frequency change the peak-to-peak triangle 
voltage is 3.8 times smaller. This reduction of 
input voltage to the comparator acts as an 
increase in loop gain at high frequencies. This 
1 1 .6 dB effective gain increase at the high end 
compensates for the gain reduction at high 
motor speeds inherent in pulse width 
modulated DC motor drives. 
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Fig. 44 Phase Locked Loop PWM Waveforms 
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Fig. 45 Phase Comparator Relationships 



MISCELLANEOUS APPLICATIONS 

Converters are not limited to the standard uses 
of A/D conversion and telemetry. The 4153, for 
example, has an op amp, a voltage reference, a 
comparator and switched current source, and 
an open collector output, all contained 
internally. These functions can be combined to 
create circuits other than just converters. An 



example of this is seen in Figure 46, where the 
precise charge dispensing characteristics of a 
4152 VFC are used to control a chemical 
reaction. 
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Fig. 46 Chloride Titrator 



Titrator 

The VFC's current pulses generate Ag + ions, 
which precipitate Cl-ions from the electrolyte 
solution. If there are Cl-ions in the soultion, the 
Ag electrode is polarized positive. This 
switches the ground referenced comparator, 
which fires the one shot, switches the logic 
output, and dumps a charge from the Ag 
electrode into the solution. The charge causes 
Cl-ions to be absorbed by the Ag electrode, so 
the one shot keeps firing until all Cl-ions are 
gone. When that happens, the Ag electrode is 
polarized negative, below the comparator 
threshold, and the one shot stops firing. The 
number of charges dispensed, which equals 
the number of logic output pulses, is a measure 
of how may Cl-ions were in the solution. 

(N) (lo) (1.1 RoCo) (35.3Mg//xMole) 
M9CI= .96487 X 10-6 Coulombs/ M Mole 

Where N = the number of charges dispensed 
and .96487 x 10-6coulombs equal the charge 
dispensed with each pulse. Q = (I) (T) I in amps 
T in seconds. Titration of a standard solution of 
CI- will be necessary to calibrate the 
measurements. 
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VCO Stabilization 

Low cost VCO's do not have good temperature 
characteristics or linearity. By adding a low 
cost F-to-V converter in a feedback loop 
around the VCO its performance is greatly 
enhanced, giving linearity of .01 percent and 
low temperature coefficient, without resorting 
to heating elements or expensive digital 
synthesis. 
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The VCO output is a high frequency sine wave. 
This is squared in a comparator and the 
frequency is digitally divided down to a 
frequency usable by the FVC. Some signal 
conditioning will be necessary at the FVC input 
(see appendix). The FVC gives an error signal 
which is applied to a summing integrator. The 
FVC output is balanced with the V control 
signal to produce the voltage control input to 
the VCO. Thus, if the VCO drifts, the FVC 
output voltage changes, which causes the 
integrator output to give an error signal 
correcting the VCO. Low temperature 
coeffiecient components should be used in the 
FVC and integrator, such as a low drift op amp 
and polystyrene capacitors. 



Fig. 47 Voltage Controlled Oscillator Stabilization 



+VCC 

9 




Fig. 48 Staircase Generator 
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Staircase Generator 

Figure 48 illustrates the VFC's versatility, as it 
uses the functional building blocks to create a 
circuit not related to conversion. It uses the one 
shot and comparator of IC-1 to provide a timing 
function similar to a 555, and the switched 
current source of IC-2 to charge a capacitor. 

To understand the circuit, consider what 
happens when power is first applied. Both C1 
and C2 are discharged, and C1 begins to 
charge through R1. The voltage on C1 
increases until it reaches IC-1's threshold, set 
by FUand Rb. When the threshold is exceeded, 
the one shot fires, bringing pin 3 Low and 
delivering a discrete amount of charge to C2. 
C2's voltage rises by an amount proportional to 
the charge, and the logic output discharges C1 
through D3. After the one shot period of IC1, 



the logic output (pin 3) goes High, allowing C1 
to charge again. The cycle repeats itself until 
enough charges have been delivered to C2 to 
bring the voltage on C2 above the comparator 
threshold of IC-1. This threshold is set by Rx 
and Ry; when it has been exceeded, IC-1 's one 
shot fires, bringing its logic output Low, and 
discharging both C1 and C2 through D1 and 
D2. After the one shot period of IC-1, its logic 
output goes High, C1 again begins charging 
through R1, and a greater cycle repeats itself. 
The basic timing function is provided by the 
charge and discharge of C1. This timing sets 
the interval between chargings of C2. C2, not 
having a discharge path, increases its voltage 
in steps until the threshold is reached. A low 
input current buffer on the output may be 
necessary before utilizing the circuit. 



VTHRESH0LD2 = +VCCl 




T1 T2 

i n r 



/ Vth - 0.7 \ 

V" vcc / 



T1 = RiClIn 



T2 = 1.1R0C0 of IC-1 
T3 = 1.1R0C0 of IC-2 



where Vth = Vcc 



Ra + Rb 



aV = 



(I01)(1.1R0C0) 
C2 



see 4151/2 Data Sheet 
for Design Equations 



Fig. 49 Staircase Generator Waveforms 
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Appendix 

Signal Conditioning 



Transducer Bridge 

Low level transducer signals may be integrated 
and converted directly by the period 
measurement technique (see Figure 14). 

Another technique is to amplify the signal with 
a low drift instrumentation amplifier before 
conversion. Transducers with bridge outputs 
lend themselves to this, with a differential 
output, allowing amplification with high noise 
rejection. Bridges require a reference 
(excitation) voltage to generate the differential 
output, readily supplied by the 7.3 volt 
reference output of the 41 53. Figure 50 shows a 
typical transducer interface circuit using a 
4153. A1 and Q1 buffer the reference output of 
the 4153 to supply a well regulated excitation 
voltage tote bridge. Changes in the value of the 
transducer (x) cause changes in the differential 
output voltage. 



Vdiff = 



Vref 



X + R 



(Vref) 



This differential output is amplified by the 
instrumentation amplifier A2 and applied to the 



input of the VFC. Thus the VFC output 
frequency is proportional to the value of the 
transducer resistance. This circuit is only an 
illustrative example, as bridge configurations 
could be unipolar or bipolar, linear or 
nonlinear. 



Absolute Value Circuit 

Figure 51 is a schematic for an absolute value 
circuit for bipolar inputs. 

When Vin is positive the op amp is effectively 
out of the circuit; when its output goes Low the 
1N914 turns off, and the signal passes without 
attenation to the VFC input. When Vin is 
negative, the op amp inverts the signal (the 
1N914 is biased through the zener), and the 
VFC receives a positive input. The zener diode 
ensures that the polarity indicating transistor is 
turned on. The polarity output may be used to 
drive the sign bit of the interface or display. 



+15V -15V 




Fig. 50 Transducer Bridge 
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Fig. 51 Absolute Value Circuit 




Fig. 52 FVC Input Conditioning 



FVC Signal Conditioning 

Frequency-to-voltage converters require the 
input waveform to have a sharp edge, and that 
the signal actually reaching the trigger input 
have less pulse width than the period of the one 
shot. This is to prevent the one shot from being 
retriggered, which would cause an erratic, 
nonlinear output. If the input is a sine wave, for 
instance, a Schmitt trigger or comparator 
should be used to square up the waveform 
before AC coupling to the FVC (see Figure 52). 

The time constant Ca(Ra//Rb) should be kept 
less than 15juS in most applications. For 
applications with a square wave input, the one 
shot time should be kept less that the minimum 
period of the square wave. This prevents the 
input from interfering with the timing waveform 
and affecting linearity. By keeping Co small 
this problem can be avoided (see Figure 53). 
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Fig. 53 FVC Timing Waveforms 
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Other Application Ideas 

Here are some more application ideas: 

■ Audio Logic Level Indicator 

■ Automotive Cruise Control 

■ Frequency-to- Voltage -*Gain— Voltage-to- 
Frequency 

■ Pulse Width Modulators 

■ Pulse Frequency Modulated Audio 
Transmission 

■ FSK Demodulators 

■ Signal Conversion 

Current-to-frequency 

Temperature-to-frequency 

Pressure-to-frequency 

Frequency-to-current 

Capacitance-to-f req uency 

Light-to-frequency 

■ Variometers 

■ Discriminators 

■ Tachometers and Flow Meters 

■ Multimeters and Panel Meters 

■ Linear Potentiometer Positioners 
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INTRODUCTION TO THE Z TRANSFORM AND ITS DERIVATION 



1. INTRODUCTION 

Recent advances in the field of electronic 
computing machinery are due largely to the 
great strides made in IC technology. Specifi- 
cally, improved speed and higher IC density 
have made practical the efficient digitization 
and subsequent processing of real world data. 
More complex processing with more accurate 
results can be performed with digital than with 
present analog data equipment. With scientific 
advancement in fields such as medicine and geo- 
physics the need for complicated processing 
algorithms and large data storage capability 
points most singularly in favor of the digital 
approach. 



Clearly, this sort of thing may propagate 
and cause great confusion or misuse of the 
theory. For our purpose (that is, understanding 
discrete time systems) it is important that the 
fundamental theorems which apply to any linear 
system are well understood. A good place to 
start is with a derivation of the LaPlace trans- 
form and the motivation behind it. This will 
lay the groundwork for the Z transform discus- 
sion which follows: 

All continuous realizable linear time 
invariant systems can be described in most 
general terms by the nth order differential 
equation 1. 



The recognized potential of the digital 
computer as a signal processing tool has spawned 
rebirth in the field of discrete mathematics. 
The Z transform has proven itself to be a useful 
constituent in this field, and it is the intent 
of this paper to introduce the Z transform as a 
means of analysis and synthesis of purely dis- 
crete time and mixed (analog-digital) systems. 
Hopefully, those familiar with Z transform 
theory will find the presentation unique and 
clear; and newcomers to the field of DSP, 
especially those of an analog persuasion, will 
be spared the frustration of breaking into this 
new field which usually bears little resemblance 
to its analog counterpart. This is not to be an 
exhaustive treatise on digital processing mathe- 
matics but more of an introduction to the sub- 
ject. It is designed especially to clarify or 
define some of the crucial points which the 
author finds are omitted from most introductory 
treatments of the subject. This attitude will 
hopefully give the reader a good intuitive foun- 
dation on which to build. 

2. MOTIVATION FOR LAPLACE TRANSFORM 

One frustrating aspect of an engineering 
education is that often the student is expected 
to accept a formula or concept at face value, 
use it, and build on it without knowing its ori- 
gin. Some may reply, "Who cares?" and rejoice 
at the prospect of having to learn less material. 
On the other hand, the more inspired find it 
maddening to open to page 1 of their digital 
systems text and find the opening statement: "It 
is intuitively obvious to the casual observer 
that: 



£ h n 

n=0 n 



H(Z) hOj) Z _1 



dZ 



,n-l 

a 1X + , + 
n dt n n-1 dt n-l 



a 

' ' a l dt 



(1) 



... Dl ^ + b o u 



x(t) 



u and y are both functions of time and the 
a's and b's are constant for the time invariant 
case. From a system standpoint, y is the sys- 
tem output and the u's are the input terms. To 
simplify matters let x equal the sum of all the 
input terms are shown in equation 1. 



x(t)- 



SYSTEM 
H 



►y(t) 



For any given input x(t), a unique system 
output y(t) will result. Generally the output 
will be a complicated sum of individual time 
functions (not necessarily resembling input x). 
We arrive at the response via the tedious time 
domain solution of the differential equation for 
the given input x(t). 

One input function to a linear system yields 
a conceptually trivial solution to the differen- 
tial equation and hence simplifies the system 
description. The complex exponential time func- 
tion est (where s = a + jo>) may be differentiated 
any number of times without destroying its ori- 
ginal functional form. 



|Z'=1 
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That is, 



st 



de 
dt 



d n e st 



.st 



s n e st 



dt" 



Successive differentiations yield the ori- 
ginal time function e s t multiplied by a complex 
constant (e.g. s n ). For the present we will not 
be concerned with the meaning of e st in a prac- 
tical sense but note that is has a remarkable 
property particularly suited to differentiation. 
Returning to equation (1), we might logically 
question, "with the output of a system being est 
what must the input have been?" 

Letting y(t) = e st (the output), differen- 
tiating and accumulating all the terms one 
finds: 



X(s)- 



H(s) 



Hence, function e will pass through a 
linear invariant system unaltered in functional 
form and merely modified by a constant, H(s). 
e st are called the eigenfunctions of the sys- 
tem, and H(s) are the eigen-values or the trans- 
fer function. In general, any functions which 
undergo the linear operations of a given system 
and maintain their functional form (but are 
simply modified in amplitude or weight) are 
called eigenfunctions. Similar definitions 
relate to vectors which undergo linear trans- 
formation. The terms eigenvector and eigen- 
value apply in these cases. The reader is 
reminded that H(s) is a function of the value 
of s alone and takes on unique values according 
to the value selected for s for the input. 

Expanding briefly will solidify this point 
and also relate the practicality of the transfer 
function. First note that est = e a ^[coswt + 
jsinwt]; e st has no time bound on it, and extends 
from t = minus to plus infinity. For a = o, 
s = jo) and e st = coswot + jsinw 0 t. 



*Y(s) 



(V" + a n -l sn " 1 + ••• a l s + a 0 ) = x(t) (2) As an example, choose 



The input function is shown to be the same 
function as the output function (e st ) but simply 
multiplied by the constant a n s n + ... a^s + a 0 
which we will term 1/H(s) from this point on. 

Conversely for an input x(t) = e st the out- 
put will be 



y(t) - 



-St 



e st H(s) 



a l s + a o 



2.1 Eigenfunctions and Transfer Functions 

Our starting point is the differential equa- 
tion which is accepted as an accurate descrip- 
tion of all linear invariant and continuous phe- 
nomena. For an input x = est (where s may take 
on any complex value) the output function will 
also be est but multiplied by a constant H(s), 
that is y = H(s) • x . 

To denote that x and y are of identical 
functional form est, a more formal expression 
using capital letters for X and Y is adopted. 



H fO - a - Y(S) 

H i (s) -r+i 



For X(s) = eH*. s = jo. 



Y(s) - Y(J U J - ae 0 



(4) 



Ampl i tude 
Phase 



o' ju) 0 + a 




Eigenvalue H^(o+joj 0 ) 



h 2 



X(ju>) 



+ a^ 



i w ~ 
= -tan^-f). 



Y(s 
TTs 



H(s) 



(3) 



Also the time variable t is omitted for brevity. 



The complex eigenvalue is a complex multi- 
plier. That is, it has the capability of scal- 
ing amplitude and also effecting a phase shift 
on eJ wt . From H(juO the complex frequency 



response is found. 



For More Information call 1-800-722-7074. 



Raytheon Semiconductor 



7-35 



TP-6A 



In the laboratory real sinusoids are 
generated. These can be described mathematically 
by combining complex exponentials through 
Euler's identities as follows: 



ju t , -Jto t 

„_ . e o+e o 

COSW t = 7i 

o 2 

ico t -iw t 
e J o - e J o 

sin V = 2T— 



The real sinusoid frequency response of the sys- 
tem described by H^s) is found conceptually by 
forcing Hi(s) separately with e + jwoty2 and with 
e-j w ofy2 and then adding the responses. 



Y(jo)) + Y(-ja)) 



-jw t' 
e o 



k 2 + * 2 



«jw t 
e o 



+J<J> 



+ a' 



cos(w 0 t-<j>) 



It can be shown that the steady state response 
can be found directly from the transfer func- 
tion. That is, for real sinusoid inputs 
x = cos(wt + 0), the output y is 



This method of system characterization has 
not attracted much interest probably because at 
t = e ~ at is infinitely large. However, 
conceptually speaking, if one applies e~ a t to 
H^s), H(-a) e" at is the output response. 



2.2 LaPlace Transform as a Convolution 

The system transfer function can be found 
directly from its impulse or natural response 
by LaPlace transformation. The impulse re- 
sponse of a continuous system can be obtained 
by applying a unit impulse to the input of H. 
The impulse has the property of having unit 
area (i.e., volt-sec) while having infinitely 
high amplitude. It can be defined as a rectan- 
gular pulse whose width T approaches zero and 
whose amplitude 1/T approaches infinity (Fig- 
ure 1). 



6(t) 



^^y> — CONSTANT 

A AREA = 1 VOLT-SEC 




|H(jco)|cos(u>t + 0 + <\> Q ) 



where 0 is the input reference phase and cf> 0 is 
the phase imparted by the network transfer func- 
tion. Details of this discussion can be found 
in The Analysis of Linear Circuits by C. Close. 

Real exponentials and damped sinusoids are 
also special cases of the eigenfunction e st . 
For a) = 0, e st = e at . The transfer function is 
very general in that it gives the response for 
any input eigenfunction for any specified value 
of s. 

For x(t) = e~ at , a = -a and a) = 0. The 
output will be of the form e~at but will have 
a coefficient H(o). 



/.v a at a I -at 



\ 



Eigenvalue coefficient 



Figure 1. Generation of a Unit Impulse 
or Dirac Delta Function 6ft) 
(Area is a constant 1 volt- 
sec, and width and amplitude 
vary inversely) 



Figure 2 shows the canonical representa- 
tion for H. The application of an impulse 
imparts an initial value of 1 volt on the first 
integrator. The response which follows is the 
impulse response or natural response of the fil- 
ter. It is equivalent to the homogeneous solu- 
tion of the differential equation (1) (i.e., 
the solution for x = 0). 

It is not possible for an ideal impulse to 
be generated in real life, but the theoretical 
effect of its application may be duplicated 
perfectly by placing an initial value on the 
system at t = 0, through any available means. 
The reader is advised to consult any book on 
circuit theory for an in-depth discussion on 
system impulse response and the homogeneous dif- 
ferential equation. 
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Figure 2. General Canonical Form 



For T->0 the summation becomes an integral. 
T (the normalizing factor which maintains fairly 
constant energy for all values of T) becomes the 
differential increment dt, and nT becomes a con- 
tinuous time variable t. The integral 



x(t) = 



;(t) 6(t - x) dt 



lim T 
T+0 



(nT) (6) 



may be verified as correct. 

Good insight is gained into the system 
behavior by applying one of the impulses from 
Figure 3, say x(-3T) s(t + 3T),and observing 
the system response to it. For an impulse of 
unit weight applied at t = 0, a hypothetical 
impulse response is established (Figure 4). 



As a preliminary to the actual LaPlace 
integral derivation, an input function x(t) is 
approximated by a sequence of impulses weighted 
by T • x(t) (Figure 3). 




SAMPLES Tx(nT) 



T 2T 3T 4T 

Figure 3. Discrete Time Approximation of x(t) 

Hypothetical function x(t) shown approximated 
by impulses weighted by T • x(t) at T spacing; 
all impulses are actually infinitely high but 
have various weights. 

The approximation is written in equation 
form:* 



function envelope (weight) 
ses shifted in time by nT 



x(t) 




T £ x(t) 6(t - nT) = x(nT) (5) 




Figure 4. Impulse Response h(t) 

The system is casual or nonanticipatory in that 
the response does not precede the input. 

Figure 5 shows the response for the system 
with x(-3T) 6(t + 3T) applied. 




-3T T 2T 

Figure 5. System Response to x(-3T) 

The system output to the complete x(nT) 
string is found by accumulating all the indi- 
vidual impulse responses (Figure 6). 



The approximation for x(t) should include an 
integral, because in the strictest mathematical 
sense the shifting property of a dirac delta 
function is defined only under integration. The 
abbreviated form has been generally accepted in 
the engineering field., probably because it is 
more clear. 
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It follows that da = -dx 



x(t) ENVELOPE 



Figure 6. Superposition Sum of Individual 
Impulse Responses 

For example, if x(t) began at t = -3T and 
were zero previously, then the output at t = -3T 
would be T • x(-3T) • h(0) = y(-3T). The output 
at t = -2T has contributions from x(t) at -2T, 
namely T • x(-2T) . h(0) and the tail of h(t+3T), 
i.e., T • x(-3T) • h(-T + 2T). The outputs for 
various discrete times are listed below. 



y(-3T) 
y(-2T) 
y(-T) 



T x_ 3 h(0) 

T[x_ 2 h Q + x_ 3 h,] 



T[x. 



Original Integral 


New Integral 


Variable of 
Integration 


Limit 


Variable of 
Integration 


Limit 


T 




a 


t - (-«.)=» 


T 


t 


a 


t-t=o 



The convolution is equivalently stated 

oo 

y(t) = j x(t-o) h(a)da (9) 
0 



Recalling that the transfer function H(s) 
relates the amount of e st that will pass 
through the system for a given s, let x(t) = 
X(s) = est, then x(t - a) = e" s ( f -a). It fol- 
lows that 



oo 

y(t) = f e s{t - a) h(a) 



da 



1 h o + x -2 h l + x -3 h 2 3 



(10) 



y(nT) - T[x n h Q ♦ Vl h, + x n . 2 h 2 + 

x -3 h n +3 ] 
In closed form 



y(nT) = T J x(mT) h(t-mT) 
m=-3 



(7) 



For a continuous input, mT and nT become 
continuous variables t and t, respectively, and 
for the most general case where x(t) begins at 
t = the summation in equation (7) becomes 
the continuous convolution integral. 

t 

y(t) = / x(t) h(t-x)d T = limy(nT)(8) 



The integral can be rearranged slightly to 
suit our purposes by making the following change 
of variables: 



t - T 



The exponential is separable yielding 



x)e Sct da 



y(t) - e st f h(a)e- sa da = X(s) / h(a) 

J o 0 (ID 

For x(t) = e st it was shown (starting with 
equation (1)) that Y(s) = H(s) X(s). Allowing 
H(s) X(s) to step in for Y(s) yields the well 
known LaPlace transform integral. 



X(s) H(s) 



00 

" X(S) / 



e" Sa h(a)da 



(12) 



and 




2.3 Summary 

Linear time invariant continuous systems 
are described by nth order differential equations. 
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In general, obtaining an expression for the out- 
put y(t) requires the time domain solution of 
the differential equation. The involved process 
may be tedious and yield unwieldy results for t 
most inputs. For inputs of the form x(t) = e 
the output is always of the same functional form 
and modified only by a coefficient. That is, 
y(t) = H(s)e st . H(s) is called the transfer 
function of the system and it results from pass- 
ing e s t through the differential equation. To 
denote that the input is specifically the ei gen- 
function* e st , the input and output functions 
are more formally denoted by capital letters X(s) 
and Y(s). The time dependence of e s ^ is under- 
stood and the t is dropped for brevity. The 
H(s)'s corresponding to each X(s) are the eigen- 
values. There are infinitely many eigenvalues 
since s may take on infinitely many values. 

As implied, dealing with the differential 
equation and its solution can be a tiresome and 
often unrewarding experience. The transfer 
function is very useful for computing frequency 
response, assessing system stability, and doing 
complicated filter and system designs. It can 
also be used indirectly to compute the time 
response of a filter to inputs other than e st 
without resorting to the differential equation. 

When the impulse response of a system is 
given and the transfer function H(s) is desired, 
the LaPlace transform may be used. As illus- 
trated in the derivation, the LaPlace transform 
is the convolutional solution of a system or 
differential equation whose input is the system 
eigenfunction. The convolution (or superposi- 
tion) integral is employed to find the output 
for any input, but it yields a rather simplistic 
result when the eigenfunction is used as the 
input and the transfer function is implicitly 
described: 

X(s) H(s) = Y(s) 



The eigenf unctions are found to have 
practical significance, in that appropriate 
pairs yield physically realizable and usable 
waveforms. Specifically, allowing w = 0 yields 



is formed, or more generally 
at 



e st + e sn 



e st = e at s anc | f or 



0, 



= coswt 



As a rule, functions which pass through a linear 
system unaltered in functional form are termed 
eigenf unctions. The associated multipliers are 
called eigenvalues. This description is con- 
sistent with operations in linear vector spaces 
where a vector x undergoes a linear algebraic 
transformation A resulting in vector Ax, where 
X is a constant, x is commonly known as an 
eigenvector. The multiplier A is an eigenvalue. 



coswt 



The transfer function representations of 
systems are classically termed as frequency 
domain descriptions, where differential equation 
solutions deal with the time or spatial domain. 
The variable s is the complex frequency variable 
which has real and imaginary parts, a and jw, 
respectively. Technically, the response of a 
system to real frequency relates to its behavior 
in passing e°^. The response to imaginary fre- 
quency relates to "real world" sine or cosine 
waveforms. 

3. Z TRANSFORM 

The LaPlace and Z transforms belong to a 
class of linear time invariant transformations 
loosely termed as convolutional transforms. 
Their derivations stem from the superposition 
determination of a system output given that it 
is forced with the eigenfunction input. 

The Z transform, which is the widely 
accepted tool to describe and design purely dis- 
crete time and mixed systems, provides similar 
information stability and frequency response as 
does the LaPlace transform for continuous sys- 
tems. The Z transform and discrete transfer 
function relate to the frequency domain in a 
discrete time system. 

The Z transform may be derived in the same 
manner as is the LaPlace transform, with the 
exception that the time variable is discrete. 
Before proceeding with the derivation, some 
opening remarks concerning discrete time or sam- 
pled data functions are in order. 

As pointed out earlier, continuous func- 
tions are special cases of discrete time func- 
tions. Figure 3 and equation (6) indicate that 
decreasing sampling time T adds more and more 
samples on the waveform. As T-»0 the sampled 
waveform becomes continuous. 

One would expect that the continuous fre- 
quency domain could be interpreted as a special, 
or more specifically, limiting, case of the dis- 
crete frequency domain, just as continuous time 
functions are special cases of discrete time 
functions (i.e., T = 0). A mathematical descrip- 
tion to this end would soften the absolute dis- 
tinction which is usually made between sampled 
and continuous worlds. Alternating between the 
two without having to resort to separate time- 
to-frequency transforms is sometimes beneficial 
in a practical sense as well as a tutorial sense. 

However, the Z transform is not designed to 
do this in its basic form; and consequently the 
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notion of the discrete frequency domain is 
usually held quite separate from that of the 
continuous frequency domain, and its related s 
plane. The next section briefly describes the 
effects of applying signals at arbitrary sam- 
pling rates to continuous elements. A smooth 
transition between the sampled and continuous 
frequency domains is thus provided. The follow- 
ing development ultimately leads to the Z 
transform. 

3.1 Effects of Sampled Data on Continuous 
Elements 

Figure 7 shows a continuous filter with 
impulse response h(t), subjected to an input 
waveform x(t), which is sampled by an impulse 
train. The train is normalized by T, the sam- 
pling interval . 




T-6 T 5 T 

Figure 7. Continuous Filter with Sampled Input 

The immediate output y(t) is jagged wave- 
form depicted in Figure 6. Equation (7) 
describes the waveform at this point exactly for 
the sampled input denoted Tx(nT). If we are con- 
cerned with y(t) at the sample points, a ficti- 
tious sampler (synchronized with T6j) may be 
added. The final output is then denoted y(nT). 
The discrete convolution sum describing y(nT) is 
given in equation (14). 



y(nT) 



n 

T £ 

m=-«» 



x(mT) h(nT-mT) 



(14) 



A f y n _ y(nT+T) - 
T T 



and lim^ = $L 
T-+0 7 dt 

(15) 



The difference operation is reminiscent of 
basic calculus, where the first derivative or 
slope of the function is approximated by the 
same. For sampled functions, derivatives are 
meaningless; and at least in this case* they 
are approximated by first differences. 



Equation (16) in its discrete form is 



given. 



a n ~^N~ 



+ »' Li 4 

Vl T N-1 

n i 
1=0 1 



1 Ay n 



(16) 



Variables x and y are now discrete and denoted 
by x(nT) or x n , etc. 

The discrete version of est is the ei gen- 
function to equation (16). We can confirm this 
by observing its behavior under successive dif- 
ferencing. Maintaining the shortened notation: 



Vi - \ 



s(n+l)T _ snT 



~snT e 



sT 



1 



T 

(17) 



.snT 



Note that e 0,M (the discrete eigenfunction) is 
preserved and is multiplied by a constant 
(esT - i)/T. 



The second difference yields: 



.snT 



(18) 



Similarly, 



It can be shown that when a continuous sys- 
tem is subjected to a sampled input the differ- 
ential equation becomes a forward difference 
equation. The differentials are replaced with 
forward differences and the coefficients take 
on modified values. 

The first forward difference denoted (Afy n /T) 
approximates dy/dt. It is defined below: 



. N 

A f a snT 






— e = 




-J e snT 



The field of numerical analysis deals with the 
approximation of derivatives and integrals by 
more sophisticated operations on discrete sig- 
nals. The processes involved lead to various 
other discrete frequency domain variables such 
as the w or bilateral transform variable. The 
interested reader may find material on these 
subjects from many sources. 
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Recalling that for the continuous case 



<f st _ N st 
— tt e = s e 

dt N 



The reader should delight in knowing that 
the multiplying factor (esT _ is exactly 
analogous to s. More specifically, it is the 
discrete version of s; e sT can be expanded: 

(20) 

and it follows directly that 



Moreover, the resulting discrete transfer func- 
tion H([ e sT - i]/t) becomes H(s) as T+O. 

Mathematically, 



Letting i = n - m, a summation over i results 
with the modified limits as indicated. 



y(nT) = T £ e s(n " i)T h(1T) (23) 

1=0 

The reader may check the substitution of varia- 
bles and subsequent limit modifications using 
the LaPlace derivation as a guide. 

e s(n-i)j separates, and using the fre- 
quency domain notation, equation (24) results. 

Y(6) = H(3) X(3) = T • e snT E h(iT) e" siT 

i=o 



H(Z) = T E hdTjZ" 1 or (24a) 
i=o 

00 

H(3) = T £ h(iT)[T3 (24b) 
i=o 



lim H 
T-*0 



H(s) 



where Z = e 



st 



For convenience we assign the Greek letter 3 = 
(Z - 1)/T for future use. 

Following the same direction as with the 
LaPlace derivation, for x(nT) = e snT the same 
signals are denoted with capital letters and 
the time variable is dropped. Hence, 



x(nT) 
y(nT) 



for x(nT) = 



(21) 



The two are related by the transfer function: 
Y(3) = H(3) X(3) 

Given that a system has a given impulse 
response h(t), its discrete transfer function 
is found directly through the convolution sum 
of equation (14) with x(nT) = e snl ". 

The operation is trivial and leads ulti- 
mately to the Z transform. 

n 

y(nT) = T £ e smT h(nT-mT) (22) 
m=-» 



where Z = T3 + 1. 

Because 3 and Z are related algebraically, H(3) 
may be denoted H(Z) . 

Equation (24a) with the normalizing T 
omitted is the accepted form of the Z transform. 
The effects of sampling on a continuous system 
are best illustrated through the normalized Z 
transform, and for the present the T will be 
included. In Section 4 the Z transform is used 
in the direct computer implementation of digital 
filters and the T is omitted. 

3.2 Sampling Effects on First Order Systems 

To illustrate the effects of sampling, a 
first order filter with h(t) = e" at is selected 
for the system in Figure 7. 



The LaPlace transform of h(t) is: 



H(s) = 



1 



s + a 



(25) 



The poles and zeros for a general H(s) are typi- 
cally denoted in the complex s plane. The s 
plane may be used as an analytical tool for 
graphically computing frequency response or 
root locus plots. It symbolically describes 
the system relative performance and stability. 
That is, real poles plotted in the left half 
plane represent converging exponential impulse 
responses. Complex poles represent damped sinu- 
soid components and right half plane poles rep- 
resent an unstable system. 
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INTEGRATOR 



S-PLANE 



H(S) = 



Figure 8. 



-► real s 



s Plane Showing Pole 
for H(s) at s = -a 



Sampling x(t) bends the jw axis of the 
s plane into a circle of radius 1/T centered 
at -1/T as shown in Figure 9a. This can be 
verified by plotting 3 for s = jco. The term 
( e jo)T - i)/t maps out a circle whose arc length 
is the input signal frequency w. The circle 
becomes infinitely large as T approaches zero, 
and the circle perimeter becomes the jw axis 
of the s plane. Equivalently, the jo) axis may 
be considered a circle of infinite radius ; 
corresponding to the fact that a continuous 
waveform is a sampled waveform with infinite 
sampling rate. The area outside the circle 
corresponds to the right half s plane. Poles 
in this region result in instability. 

The real axis is a direct but not a linear 
mapping of the real s axis. -1/T in the sampled 
plane corresponds to negative infinity in the 
s plane. Hence, the effect of sampling on a 
continuous system is not just to bend the jw 
axis but also to modify the numerical value 
of the real pole positions by an exponential 
warping factor. This is illustrated by com- 
puting the normalized Z transform for e~ anT . 



H(Z) - T £ e - anT Z" n = T[l+e" aT Z" 1 + e" 2aT Z' 2 
n=0 

*-] 

This converging infinite series can be 
expressed in closed form: 

H(Z) = -aT -1 = -^aT < 26) 
1-e aT Z 1 Z-e aT 

Substituting Z = Te + 1 

T$+l 



H(3)= — ZfT 

3 + ^1— 



(27a) 



From equation (27) it is seen that sampling 
produces a pole of 3 = -(1 - e~ aT )/T and a zero 
at 3 = -1/T. As the sampling rate increases, 
the circle radius approaches infinity, and 
-(1 - e-aT)/T approaches -a which is the correct 
pole location for h(t) = e - at . -(1 - e~ a '//T is 
therefore the sampled system view of a con- 
tinuous system singularity at -a. One may verify 
that taking the limit as T goes to zero yields 
-a, and 1Am r ^ 



1 im 
T+0 



+ 1 



1 



1 

s + a 



(27) 



By expanding e~ aT into a power series this result 
is obtained: 



.-aT 



= 1 - aT + 



(af)* (aT) J 



3! 



Figure 9b shows the pole zero plot in the 3 
plane for three sampling intervals Tj, To and T3. 
In Figure 10 three implementations for the first 
order discrete filter are given. Each filter 
gives a sampled output with a continuous input, 
although theoretically the inputs may be sampled 
and synchronized with the input samplers. The 
frequency responses for all three will be iden- 
tical at the sampling instants. 

Figure 10b, c show purely discrete versions 
of the configuration. In b the accumulator or 
discrete integrator is shown within the enclosed 
area. It is mathematically equivalent to an ana- 
log integrator driven with a sampled input. The 
delay elements are intrinsic to implementation 
of any discrete function and may be formed with 
purely continuous elements (L-C distributed delay 
lines), or with discrete elements (digital regis- 
ters or charge coupled devices) according to the 
nature of the signal inputs. For demonstrative 
reasons we have elected to simulate systems 
which apply to real continuous phenomena (such as 
integration, etc.). Even if this is the intent 
of the design, the system can always be 
described more simply with delays rather than 
with discrete integrators as the basic element. 
This is shown by example in Figure 10. The 
transfer functions for all three are shown to be 
equivalent with some algebraic shuffling of terms. 

For purely digital filters where the data is 
sampled and quantized by an A/D converter, all 
the arithmetic operations are done digitally. 
The delays are implemented with memory (or shift 
registers), the summing points are realized with 
digital adders, and digital multipliers are 
employed to give the correct filter coefficients. 
Some useful digital filters are designed by 
directly substituting a discrete frequency varia- 
ble for s in the analog transfer function. The 
resulting transfer function can be expressed 
ultimately in terms of Z or Z' 1 , regardless of 
the discrete variable form. The configuration 
can always use delays directly rather than dis- 
crete integrators (whose functional elements are 
delays). 
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a) s and $ Plane Correspondence 




b) Pole Zero Migration 

Figure 9- Pole Zero Plot for Various Sampling 
Rates. The discrete pole is located 
at $ = -0.39/Ti for T = Ti. The 
pole migrates to the left, asymptot- 
ically approaching a = -0.5/Ti as 
T + 0. 




t-6 t 




«T 



a) Sampled Analog Configuration 



1 i 




DISCRETE 




DELAY, T 


j INTEGRATOR 


2-1 


1 TZ-1 1 





1- fT 




b) Discrete Integrator Configuration 



■-♦EH? 



e" aT 




DELAY, T 


«— 


z- 1 



c) Simplified Delay Implementation 

Figure 10. Three Implementations for Realizing 
H(Z) (All transfer functions 
become H(s) as T-K)). The discrete 
integrator in b simulates the inte- 
gration process by rectangular 
approximation. 
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Mathematically this is true because s is 
replaced with a discrete frequency variable 
which is always an algebraic function of Z. 
Using 0 as an example, one might approximate 
double integration (1/s 2 ) by l/e z . 



im z 



In terms of Z this becomes 



T 2 Z- 2 



(Z - I) 2 Z 2 - 21 + 1 



1 - 2Z" 1 + Z* 2 



This function can be simulated easily with the 
signal flow graph in Figure 11. 




Figure 11. Approximation of 1/s 

Direct implementation with the delay elements 
simplifies computations in systems where ana- 
log filter functions are used as the baseline 
for the digital design (an example is given 
in Section 4 with the bilinear transform). 
Moreover, filters with impulse responses of 
finite duration (FIR filters) utilize the delay 
function directly. That is, these filters do 
not originate by replacing s with a discrete 
time frequency variable. They are used in 
applications where linear phase is a require- 
ment and where erratic filter shapes are to be 
implemented. FIR filter structures are dis- 
cussed in Section 4. 

Figure 12 shows the Z plane which is a 
shifted normalized version of the 3 plane shown 
in Figure 10. The pole and zero for the first 
order discrete network are found easily from 
H(Z) in equation (26) by setting the denomina- 
tor and numerator equal to zero and solving for 
the value of Z. 



Z-e~ aT = 0 



TZ 



-aT 



A pole results at Z = e and a zero at 
Z = 0. 




Figure 12. Z Plane Showing Pole Zero 
Locations for First Order 
Discrete Network 

3.3 Second Order Effects 

In this section, the frequency domain 
effects of a second order filter subjected to 
sampled data are investigated. The emphasis is 
on pole zero migrations in the 3 plane, and fre- 
quency response. The equivalent forward differ- 
ence equation is also derived for the second 
order low pass. 

An analog second order low pass filter has 
a transfer function 



H(S) 



s 2 + 2£(o n s+ Wn 2 ( s + £u> n ) 2 + w n 2 [1 - £ 2 ] 



with s plane poles as shown in Figure 13. Its 
impulse response is found by inverse LaPlace to 
be 



h(t) = K 



-£o> t 
e n sin to t 



(28) 



K e" at sin w t 
o o 



where 



and 



"nVT 7 ? 
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x 



Figure 13. Low Pass Second Order Filter 
s Plane Plot. Poles 

s = -*o n ±j« n 

To find the complex frequency response with a 
sampled input, the normalized sampled input 
T • e snT is convolved with h(t). More simply 
stated, the normalized Z transform of h(t) is 
found. 



H(Z) = T £(k q e* anT sin a> ht) Z" n (29) 
n=o* 

First note that 
-anT 



sin w Q nT 



(jw-a)nT -(jw +a)nT 
e -e 



2j 



and Z {e~ anT sin w o nT} 



00 



(ju> -a)nT -(jw +a)nT 



(30) 



The two exponentials are complex, but this 
presents no difficulty and the two infinite sums 
can be expressed in closed form. 

H(Z) = 4^/ * . _ . -i-— \ 

2j I -aT +jo) T- i -aT -jw T , I 

\l-e e 0 Z 1 1 - e e 0 Z V 



K o (e" aT sino) 0 T)TZ 



( Z -e- a V jW ° T )( : 



■aT -ju> n T 
Z - e . e 



'° T ) 



K o (e" aT sino> 0 T)TZ 
Z 2 - 2e" aT cos a) 0 TZ + e" 2aT 



(31a) 



(31b) 



Now 
and 

H(3) = 



Z - 1 



K Q e~ aT (e-4) s1n V 



(32) 



Equation (32) looks at first glance some- 
what formidable. A closer look shows it to be 
very close to the second order analog system. 

First observe that the two complex poles, 

-aT±ju>J 

. n - 1 -e 
P r P 2 



are on the radii joining $ = -l/T, and the points 
±a) 0 units along the arc of the w contour (Fig- 
ure 14) . The distance from the contour is 
(1 - e~ a ')/T. The reader may note a generality 
for real and complex poles at this point. Re- 
call that for a first order sampled system with 
time constant t = 1/a, the pole is on the real 
axis, (1 - e~aT)/T units from the $ plane ori- 
gin (Figure 9). 

In both cases the poles are at a distance 
of (l-e" a ')/T from the w contour (circle). From 
equation 27b, as T-*-o and the w contour becomes 
the ju axis, this distance becomes a(=£a) n ). For 
the second order filter -£w n is the real coordi- 
nate for the s plane poles (Figure 13). 




- ARC LENGTH 



Figure 14. 



CONTOUR, J^T-l 



Poles in the $ Plane for 
Second Order System 
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Applying Euler's expansion for e 0 and The forward difference equation related 

using L'Hospital's rule from basic calculus: to H(3) is found from equation (32). Clearing 

the denominator, letting Y(3) and X(3) be out- 
l _ e " aT /cos a) T ± j sin a) j) P ut and in P ut terms respectively, and recalling 

lim Pj,P2 _ _ ' o oj / 3 3) that 3 represents a first difference operator 

T+0 T (equation 17), equation (34) results. 



•a ±ju) n 



which comprise the analog pole pair. The com- 
plex pole locations for three T values are 
plotted in the 3 plane in Figure 15a. Fig- 
ure 15b indicates a graphical means of comput- 
ing frequency response in the 3 plane. 

The impulse response for the filter is 



_t 

h(t) = K Q e n sin u t 



and 



7T 

4T t 



+ 2 



■i -aT 

1- - e cos a) Q T 




-I sin %J ^n + ^ Kq (34) 



As T+0 the differences become differentials, 
d 2 y/dt 2 etc. Note the presence of the differ- 
ence term Ax n /T, corresponding to the zero at 
-1/T, in the right-hand side of equation (33). 
In the limit, Ax n +0 and 



= .5/T, 



The discrete time impulse response is 



h(nT) = e' Ca, n nT sin u> Q nl 



For the lowest sampling rate (1/Ti) the 
poles exist on the ±a> p Ti radii (1 - e-aT)/T 
s .39/Tj units from the Tj circle perimeter. 
When the sample rate is doubled the radius 
increases and the distance is .44/Tj units from 
the new circle. Finally as T+0, the distance 
is "a" itself: .5/Tj. 

In both first and second order examples, 
a zero occurs in the numerator at 3 = -1/T 
(the center of the circle, Figure 15). As the 
sample rate increases the location of this zero 
moves toward 3 or s = Zeros at infinity 
always accompany realizable analog transfer 
functions and these zeros are said to be implied. 
They provide no computational information and 
are not included in the transfer function. 
Thus l/(s + a) is really (s/» + l)/(s + a). 

If the reader has any doubt that such zeros 
exist, he can convince himself by taking a 
continuous system and sampling it! Sampling 
brings points of infinite frequency into a 
finite region as illustrated by both first and 
second order examples. 



T-0 \ t /K + X n) 



U) Q • x(t) 



The reader can verify that equation (34) 
becomes 



dt 



The canonical flow diagrams for equations (34) 
and (35) are given in Figure 16. The accumula- 
tor elements in Figure 16(a) can be expanded so 
that the second order discrete flow graph 
contains only delay elements, Z" 1 and Z" 2 . 
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a) The 1/3 elements are discrete integrators 
(accumulators, see Figure 10b) with trans- 
fer function TZ/(Z-1). 




b) The feedback and feed forward coefficients 
of a) become those in b) as T+0 and 
1/B-l/s. 

Figure 16. Canonical Second Order Forms 



4. 



APPLICATION OF Z TRANSFORM 
TO FILTER SYNTHESIS 



The preceding sections were devoted to 
presenting the Z transform in an systematic 
fashion. It was indicated that when analog 
elements are subjected to sampled waveforms their 
frequency domain representations are altered. 
The ju> axis of the s plane can be interpreted 
as a circle of infinite radius, and when systems 
are subjected to a finite sampled waveform this 
axis bends into a circle of radius 1/T. This 
interpretation provides analytical insight into 
mixed systems and some digital systems which 
attempt to simulate purely analog systems. 

However, digital filters are being used 
in areas where analog techniques do not apply. 



Digital filter theory has reached a level of 
sophistication where many designs could never 
be duplicated with analog techniques. Recently 
developed mathematical design techniques pro- 
vide for digital filters with cutoff rates and 
bandwidths that can not be approached with 
analog filters. 

Digital filters can be put into two main 
categories: infinite impulse response (IIR) and 
finite impulse response (FIR) filters. FIR 
filters are usually implemented with a finite 
length delay line with multiple taps. These 
filters are very flexible and especially useful 
in synthesizing erratic filter shapes. They are 
successfully utilized in very sharp cutoff and 
narrowband applications where linear phase is a 
requirement. 

Butterworth, Chebyshev, and elliptical fil- 
ters may be implemented with cascaded second 
order IIR filter sections in the same way as 
analog filters. The results in the digital 
world are analogous but more predicatable, be- 
cause accuracy is dependent only on computer 
word length and not on component variations. 
As a result, very sophisticated filters may be 
built with much better results than analog fil- 
ters could provide. 

4.1 IRR Implementations 

The most often used recursive element in 
filter synthesis is the second order canonical 
filter. This filter is the building block for 
very high order elliptic and Butterworth config- 
urations as well as all -pass phase correcting 
filters. 

A very effective technique for implement- 
ing elliptic and Butterworth filters is through 
analog transfer function. Because transfer 
functions for these filters are well documented, 
it is a simple matter to design the digital fil- 
ter by replacing s in the analog transfer func- 
tion with an appropriate discrete frequency var- 
iable. It was shown that differencing could be 
used as an approximation for differentiation in 
the differential equation. The resulting fre- 
quency variable was 



1 



which is analogous to s. Unfortunately, direct 
substitution of (Z - 1)/T for s generally yields 
poor digital filter results except for very low 
frequency applications. However, excellent 
filters are obtained when s is replaced with 



I Z - 1 
T Z + 1 
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The variable w results from approximating contin- 
uous integration by discrete trapezoidal integra- 
tion as shown in Figure 17. 



Because s implies continuous differentiation 




Figure 17. 



Integration Using Trapezoidal 
Approximation 



The individual data points of x n are con- 
nected by straight lines forming little contig- 
uous trapezoidal sections. The area under the 
nth section is given by s n (Figure 18). 



1 



1 + Z 



replaces s in the desired analog transfer func- 
tion, w has the remarkable property that its 
frequency contour u> coincides with the imaginary 
w axis just as o> corresponds to the imaginary 
s axis. This means that responses for digital 
and analog filters will be identical at corre- 
sponding points in frequency. The relationship 
between the analog and digital imaginary axes 
is not linear and so prewarping the critical 
frequencies in the analog filter is required 
before w is substituted for s in the analog 
transfer function. This is a simple matter 
and should become clear with the following 
discussion. 

The a) contour in the w plane can be found 
by letting s = jw. 



x n-1 



~Y ( x n + *n-1 ) 



(n-1)T nT 

Figure 18. Trapezoid Section with Area S 



*s=ju> 



Jul 



+ 1 



. 2 

j Y tan 



2 



(38) 



Figure 19 shows the frequency correspondence in 
the s and w planes. 

For lower frequencies, the imaginary w axis 
becomes fairly linear with w. That is for small 
0, tan 0=0. Therefore, 



tan 



wT 



The total accumulated area under x includ- 



ing s n is given in equation (36). 



= Vl + 2 



X + X , 

n n-1 



(36) 



The frequency domain representation for this 
integration process can be found by passing the 
discrete eigenfunction e snT through equation (36), 
or simply Z* transforming the equation directly. 
Either way the result is given in equation (37). 



1 + e 



■sT 



-sT 



1 1 + z 

2 1 - Z 



(37) 



In contrast, the reader should verify that 1/8 
implies rectangular integration and the accumu- 
lated area is s n = s n _ 1 + T [x n ] (Fig. 10b). 

The reader should consult any book on Z trans- 
forms or discrete time systems for an in- 
depth discussion on operations involving the 
Z transform. 



and the imaginary w and s axes track very 
closely. If a very high sampling rate 1/T were 
provided and a relatively low frequency cutoff 
filter were needed, one would not have to pre- 
warp critical frequencies for the desired fil- 
ter. Of course, in the limit as T->0 the w plane 
becomes the s plane 




VERY LINEAR 
REGION 



Figure 19. s and w Planes Showing Correspon- 
dence of Frequencies 
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It is evident from Figure 19 that a fre- 
quency of f s /2 (i.e., a) = it/2, one-half the 
sampling frequency) maps into j infinity in 
the w plane. Hence, traversing a relatively 
small span of frequencies close to the Nyquist 
frequency (f s /2) results in a relatively large 
variation on the imaginary w axis. This fact 
provides advantage in the digital world for 
filters with sharp transitions. The following 
example illustrates this point. 

Figure 20 shows the pole plot in the s 
plane for a fifth order* Butterworth filter 
whose cutoff frequency is at w = ir/2T or 
f = fs/4 (1/4 the sampling frequency f s ). To 
get the same cutoff point for the digital filter 
the circular pole pattern has its radius widened 
according to 2/T tan wT/2. The pole pattern in 
both planes is exact other than normalization, 
because w is a direct substitution for s in the 
analog transfer function for the Butterworth 
filter. 



The transfer function for the fifth order 
Butterworth is given in equation (39). 



H(s) 



2 

n 

i = 1 



ft 



s 2 + 2ft cos ~ s + ft 2 

CD C 



s + fi 



c 
(39) 



The poles are situated in a circular con- 
tour at a radius of ft c (cutoff frequency) in 
the s plane. There are four complex conjugate 
poles and one real pole. The corresponding 
discrete domain cutoff frequency is o) c . To 
show how the discrete transfer function is 
developed take one of the second order factors 
in equation (39) and replace s with 2/T • 
(Z - 1/Z + l) 



The frequency response for the filter can 
be found graphically by drawing vectors from 
the imaginary frequency axes to the pole loca- 
tions. The response at any point is the 
reciprocal of the product of the vector lengths. 
In the w plane a frequency of 3/8 f s produces 
vectors which are proportionately longer on the 
Im w axis than on the j<u axis (Figure 19). The 
cutoff rate for the digital filter is therefore 
greater and provides a sharper filter than the 
corresponding analog filter. 




s + 2q c cos f s + ft£ 



(40) 



Simplification yields a Z transfer 
function of the form 



HjtZ) 



A (1 + Z" 1 ) 
1 + BZ 1 + CZ c 



which can be implemented directly with delay 
elements (Figure 21 ) . 

It is not necessary to implement the 
integrator terms T/2 (1 + Z~l)/(1 - Z~l) 
because clearing equation (40) leaves just the 
delay terms with their corresponding modifiers. 
The complete filter is implemented by cascading 
the individual second order sections with the 
first order section. 



Figure 20. Pole Plots for Fifth Order 
Butterworth Filter Using 
Transform 



The first order section transfer function 
is found and easily implemented (Figure 21). 



The reader should consult a book on filter 
theory for the actual details on the parame- 
ters for the Butterworth and elliptic filters. 



ft 



S + n 



T IZ +1/ 



(41a) 
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Figure 21. Canonical Form for Butterworth 
Second Order Section 



simple and obvious features of analog designs 
(such as direct pole zero mappings into the Z 
plane).* As a result methods like the bilinear 
transform emerged as effective design techniques. 

Finite impulse response digital filters 
are characterized by their time limited impulse 
responses. These filters may be implemented 
in the analog world through the use of LC type 
tapped delay lines or charge coupled delay 
lines. However, they are still discrete time 
filters in spite of their analog or semi -analog 
implementation. From a mathematical standpoint 
they have no real analog counterpart in that 
no expressed or implied attempt is made to 
simulate integrating or differentiating opera- 
tors which are the elements of a true analog 
filter. 




Figure 22. First Order Section 



H(Z) = 



(Z +1) 



(41b) 



Practically speaking, the advantages of 
FIR filters cannot be truly realized because 
the time delay cannot be simulated in an 
analog fashion without some objectionable side 
effects. In a charge coupled device (CCD) 
amplitude errors accumulate as the signal pro- 
pagates down the line. Noise is a problem, 
and limited dynamic range is attainable with 
currently available devices. LC delay lines 
(which only approximate time delay) are limited 
to medium frequency applications due to the 
large inductor capacitor sizes necessary for low 
frequency work. Both techniques have high fre- 
quency roll off characteristics which make pre- 
cision filter designs difficult. Time delays 
can be implemented in the digital machine to 
the accuracy of a crystal oscillator. There is 
no insertion loss problem, and dynamic range is 
dependent only on the word length of the computer 
(i.e., 12, 14, 16 bits). 



4.2 Introduction to FIR Structures 

The previous section described in IIR 
digital filter using a discrete approximation 
to the analog frequency variable s. This 
technique follows naturally the Z transform 
development presented in the first section 
because the normalized Z transform was shown 
to result from the application of a sampled 
waveform (analog) to a continuous network. 
This effect resulted in replacing the derivatives 
of the differential equation with forward 
differences. The w (or bilinear) transform 
method uses a more complicated expression to 
approximate the derivative, and good filters 
result. This method is considered an indirect 
implementation because it is a mapping of an 
analog transfer whose form is based directly on 
some frequency response criteria. 

Early digital filter work was based on con- 
temporary analog theory. The realization came 
very early that poorly performing filters 
resulted when digital designs were based on 



In general IIR filters are more efficient 
than FIR filters. For a given order no FIR 
filter can achieve as sharp a transition as the 
best IIR filter with the same ripple error 
constraint. A typical FIR filter may take twice 
as much memory as an IIR filter with the same 
specification requirements. 

In contrast, FIR filters are generally much 
easier to implement than IIR types and generally 
less susceptible to roundoff noise. The main 
feature of a FIR filter is its capability to 



Such techniques as the impulse invariant and 
matched Z transform methods are generally 
frowned upon in serious filter design applica- 
tions. The reader is referred to Rabiner and 
Gold, "Theory and Application to Digital 
Signal Processing," for an in-depth discussion 
of these methods as well as the method of 
approximation by forward and backward 
differences. 



For More Information call 1-800-722-7074. 



Raytheon Semiconductor 



7-51 



TP-6A 



achieve an exact linear phase response if 
desired. IIR filters are typified by the wild 
phase excursions through the transition regions 
which can cause severe distortion problems in 
image, radar, and speech processing systems. 

Optimization techniques which are applied 
to analog and digital recursive filters can be 
applied successfully to nonrecursive structures 
to achieve very accurate approximations to a 
desired or ideal frequency response. Specifi- 
cally, the Chebyshev criterion which minimizes 
the maximum error over a band of frequencies 
can be applied to FIR design to yield equi ripple 
filters with the added attraction of linear 
phase. 

To describe all the virtues and mathematical 
techniques behind the design of FIR filters is 
beyond the intent of this paper. The reader 
is directed to the sources named in the 
bibliography for the detailed research on the 
various design techniques. The signal flow 
graph for a general FIR filter is given in 
Figure 23. 



x n x^ x n _ 2 X n-(N-1) 




Figure 23. FIR Signal Flow Graph 

(z-1 terms represent data 
delays of one clock time T) 

The filter output consists of input x n and 
past samples x n -l, x n _?» ••• *n-N of various 
weights. The weights (h 0 - hN_i) define the 
impulse response of the filter directly. Out- 
put y n at any instant in time nT is given by 
equations (42a) and (42b). 

^ = h o x n + h l + h 2 x n-2 + • • * h N-l V(N-l) 

(42a) 

N-l 

y n = £ Q h m x n-m (42b) 



Equation (42) is just the convolution sum for 
a finite duration impulse response with input 
x n . The Z transform of h n which relates X(z) 
and Y(z) is found by letting x n = e snT as in 
Section 1. (esnT) ( e -smT) = x n _ m and the Z trans- 
form is given in Equation (43a) and (43b). 



H(Z) = h Q + h 1 Z" 1 + h ? Z" 2 + . . 

(43b) 

h Z" (IM) 

Vi 1 

4.3 Constraints on h n for Linear Phase 

True linear phase filters have a phase 
function of the form 

<j>(a)) = aw 

The constraints on h n can be indicated by 
examining the function in Figure 24 which is 
symmetric about the point t = 0. It is shown 
as a finite duration continuous function but 
may be piecewise linear or purely discrete. 




-ti t. 



Figure 24. Symmetric Time Function 

The function in Figure 25 is h(t) shifted by t 
and therefore symmetric about t . 




Figure 25. Shifted Symmetric Time Function 
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Without regard to real izabi 1 i ty assume that 
h(t-t 0 ) is the impulse response to some filter. 
We desire the frequency response or the network 
function of the filter. The Fourier transform 
may be used. 



H(s) 



= H(ju)) 



S=Ju> 



H(t - t Q ) e" jwt dt 



Letting x = t-t 0 and with the appropriate 
limits gives 



H(ju>) 



*1 



h(x) e- jwt0 e- ja)T dx ( 44 ) 



h(x) is symmetric about x = 0 and therefore 
h(x) = h(-x). Equation (44) can be rewritten. 



H(ju>) = 



e J o 



r v . tl 

/ h(-x) e~ Jarr dx + f h(x) e" J 



(45) 



dx 



2 P h(x 



) COS u)T dx 



is in general different for each u but it is 
always a real number, and hence imparts no phase 
shift. Negation of the imaginary term 



-I 

j / h(x) sin oox dx 
"-tl 



keeps the integral portion of the eigenvalue 
real and therefore ensures the phaseless 
transfer of eigenf unction eJ* 0 *. 

Before tabulating the purely discrete 
network characteristics based on these findings, 
the case of an antisymmetric impulse response 
is analyzed. 

Figure 26 is a transfer function which 
exhibits antisymmetric behavior about t = t Q . 
Proceeding as before one finds that the 
real integral disappears leaving. 



H(Jm) = e" jwt o 



h(t) sin ojt dt 



(46) 



Letting a =-t in the first integral gives 



.y°h(a) e ju)a da = J 



tl 



h(T) e +jwT dr 



With e +j9 described as cos 6 ±j sin 



H(joi) = e" jwt o 



■r 



' 3 



r 



h(x) sin wx dx+j 



h(x) cos oox dx 



h(x) sin cox dx 



The second and third integrals cancel each 
other. The first integral and a phase term 
e-Juto are left. Recall that in ganeral H(ju) 
is a complex eigenvalue which modifies amplitude 
and imparts a pahse shift. e-ju>t 0 has amplitude 
unity and phase shift <|>(a)) = u)t 0 . It is linear 
with a) and simply represents a constant through- 
put time delay of t 0 seconds. The integral 



- h(t) 



tl +t 0 



Figure 26. Antisymmetric Function 

The integral is imaginary, implying an addi- 
tional -90 degree phase delay added to the 
linear phase term. 

These filters are usually considered 
linear phase, although strictly speaking 



For More Information call 1-800-722-7074. 



Raytheon Semiconductor 



7-53 



TP-6A 



<f> ( co) = -cot 0 - tt/2 is not a linear function of 
co. More accurately they are termed constant 
group delay filters since d<j>/du> = -t 0 = constant. 
Purely linear phase filters have constant group 
delay and constant phase delay.* These filters 
are used for differentiators and Hilbert trans- 
formers where a constant 90 degree pahse shift 
is needed. 

4.4 Linear Phase Configurations for Discrete 
Filters 

Four structures for the Nth order linear 
phase digital filters (Figure 23) are: 

1) N odd, h n symmetric 

2) N even, h n symmetric 

3) N odd, h p antisymmetric 

4) N even, h^ antisymmetric 

A case 1 configuration is shown in Figure 27. 
Because N is odd, h n is symmetric about (N-l)/2; 
N is arbitrarily 7. If each mode were processed 
separately, N-l multiplications would have to be 
performed. Because the impulse response is 
symmetric, the delay line outputs may be taken 
in groups of two, added together, and multi- 
plied by the apppropriate co-efficient. Only 
half as many multiplications are necessary. As 
multiplication is usually the most time consuming 
operation, a significant savings in machine 
time can be realized. 




Figure 27. FIR Structure for N Odd, 
Symmetric Case 



* 

Group delay is defined as the derivative of 
the phase function with respect to frequency 
(D = d<{>(u))/du>) . Phase delay is defined as 
2it <J>(to)/to. 



7-54 



Raytheon Semiconductor 



For More Information call 1-800-722-7074. 



TP-6A 



5.0 SUMMARY 

The Z transform was introduced as the 
convolutional solution to a discrete time system 
whose input is the system ei genf unction. The 
derivation which was modeled after the LaPlace 
Transform in section one, provides an easy 
transition into the theory of discrete time 
signals. It was indicated that with the proper 
normalization, the Z transform becomes the 
LaPlace transform as the sampling rate approaches 
infinity. This presentation is useful in sample 
data control system work where it is essential 
to understand the effects of sampling on con- 
tinuous elements. 

In modeling digital filters after analog 
prototypes, this view point is also helpful. 
Such is the case with the w transform whose 
complex frequency variable arises from a trape- 
zoidal approximation to continuous integration. 

As signal processing tasks -become progres- 
sively more challenging, the mathematical tools 
required to meet their demands become more 
powerful and complex. It is necessary for the 
engineer and scientist to develop a good intui- 
tive feeling for these tools. A firm mathema- 
tical basis is therefore essential. 
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1.0 CORRELATION THEORY 



1.1 BACKGROUND 



R l2 ( t) = limy 

T->oo 



/+T/2 
-T/2 



Vl (t) v 2 (t+ r ) dt (1) 



Correlation techniques are used widely in communica- 
tions, instrumentation, computers, telemetry, sonar, 
radar, medical and other signal processing systems. Corre- 
lation has several desirable properties, including: 

• The ability to detect a desired signal in the presence 
of noise or other signals. 

• The ability to recognize specific patterns within 
analog or digital signals. 

• The ability to measure time delays through various 
media, such as materials, the human body, RF 
paths, electronic circuits, etc. 

As these properties indicate, correlation is essentially 
a comparison process. In fact, we use correlation daily 
when we compare sounds, images, or other sensations 
relative to other sounds, images or sensations stored in 
our brain. The key function of the human comparison 
process is to measure mentally the degree of similarity 
between two or more parameters. This comparison is 
generally made with good discrimination against extrane- 
ous forms of information and noise. The comparison can 
be made in real time, or we can mentally store the data 
until some later time. 

The mental correlation process is fine where the 
decision-making process is not limited by time constraints. 
However, in electronic systems we do not usually have the 
luxury of performing correlation at our leisure. Correla- 
tion must be performed in real time, requiring the use of 
electronic circuits that are compatible with the system in 
question. 

Electronic systems that perform correlation have been 
around for years, but they have been bulky and ineffi- 
cient. The development of VLSI has changed this; now 
correlation can be performed efficiently with a minimum 
number of components. Before we look at some of 
these VLSI components, let's look at the theory behind 
correlation. 

1.2 CORRELATION 

The correlation between two functions is a measure 
of their similarity; loosely termed, it is a. comparison 
process. This comparison can be expressed mathemat- 
ically as the correlation between two functions v-j(t) 
and V2<t): 



Here, ( T ) refers to the correlation between two sig- 
nals, v.. and v 2 . It is determined by multiplying one sig- 
nal, v-|(t), by the other signal shifted in time, v 2 (t + r ), 
and then taking the integral of the product. Thus, corre- 
lation involves multiplication, time shifting (or delay) 
and integration. 

If the functions are periodic, the expression simpli- 
fies to: 

+TJ2 



R 12 (r)=Jr- / v 1 (t)v 2 (t 
° J -TJ2 



+ r)dt (2) 



where T Q is the period of the functions. 

The effects of multiplication, time shifting and integration 
can be visualized graphically in Figure 1. This particular 
example shows two waveforms that have similar shapes 
and equal periodicity. The picture shows one particular 
time shift, t , between v^(t) and v 2 (t+ t q ). In this 
example, t q was chosen to yield a very low correlation 
between the two functions. 

A value of t q selected to maximize the degree of over- 
lap between the two functions would yield maximal 
correlation. As this example illustrates, the correlation of 
two functions is very sensitive to their relative phasing. 



V,(t) 



V 9 (t) 



1 /T-V1 , 



A~ r A A 



Figure 1. Two Related Waveforms. The timing is such 
that the product v-j (t) V2<t) = 0 for the value 
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The correlation of a function with a time-delayed 
replica of itself is called autocorrelation. Thus v-j(t) = 
v 2 (t), and R 12 ( T ) becomes R(r ) and is given by: 



and 



R(r] 



° J-TJ2 



+ r ) dt (3) 



1.3 CONVOLUTION 

Closely related to correlation is the convolution of two 
functions, v-j(t) and v 2 (t), which is defined as: 



C(r)= / V1 

J — oo 



(t) v 2 ( T - t) dt 



(4) 



Inspection of the arguments of functions v^ and v 2 shows 
that correlation handles two functions ''forward" in time, 
while convolution treats one forward and the other back- 
ward. Both procedures involve multiplying two functions 
together in some fashion, and then integrating the result- 
ing product over the range of the common independent 
variable, "t". Mathematically, filtering involves the con- 
volution of an input function, v(t) with the system's 
impulse response, h(t), yielding: 



C(r) = 



v(t) h( t - t) dt 



(5) 



where C( r ) is the functional output of the filter. 

1.4 DIGITAL CORRELATION AND CONVOLUTION 

Whereas all the functions discussed so far are continu- 
ous analog representations of physical variables, digital 
signal processing requires functions to be represented in 
discrete form, where the time scale and amplitude are 
quantized into discrete steps. The above integrals are 
changed into sums and the functions take on a finite num- 
ber of discrete values. The convolution and correlation 
equations in discrete form become: 



y(n)= ^ x(k)h(n-k) 

k=-oo 



R(n)= ]T Vl (k)v 2 (n + k) 

k=-oo 



(6) 



respectively. Here, the indices "k" and "n" measure out 
the variables denoted by "t" and "t " in the earlier dis- 
cussion. In practice, the summations will cover finite 
ranges of values of "k", rather than the infinite range 
shown here. The ranges selected will depend on the 
durations of the two functions and of their sampled por- 
tions, and on their periodicities (if any). 

A digital correlator circuit can perform both correla- 
tion and convolution, operating according to the discrete 
summation equations. The remainder of this chapter 
describes a monolithic digital correlator that can perform 
digital correlation and convolution at a 20-MHz rate. 
Correlation and convolution will be discussed further in 
the other chapters, which discuss several applications of 
the monolithic correlator. 

1.5 DIGITAL CORRELATOR 

The major functions of an all-digital correlator are 
shown in Figure 2. A reference shift register stores the 
reference word, and the input word is applied to the input 
shift register. Both shift registers are n bits long, where 
"n" is any whole number. The respective bits of the two 
shift registers are connected to individual exclusive-NOR 
gates, whose outputs are applied to a summing network. 

In operation, the correlator output is obtained by 
aligning the input word (in the shift register) relative to 
the reference word. The respective bits in the two shift 
registers are compared by the exclusive-NOR gates, whose 
outputs are summed. The shift registers, the exclusive- 
NOR gates, and the summer fulfill the three functions of 
correlation: time delay, multiplication, and integration, 
respectively. 



INPUT SHIFT REGISTER 




REFERENCE SHIFT REGISTER 



'ANALOG OR 
DIGITAL 
SUMMER 



Figure 2. Basic Correlator 
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A new and first-of-its-kind monolithic digital corre- 
lator from TRW LSI Products is the 24-pin TDC1023J, 
which can perform 64-bit parallel correlation at 20 MHz. 
Its block diagram is shown in Figure 3. 

To perform correlation with the TDC1023J, the input 
signal is serially shifted into the independently-clocked 
A-register and the reference word is serially-shifted into 
the independently-clocked B register. A +1 logic value 
at "clock R" copies the reference word from the B reg- 
ister into the R latch. The user can then serially load a 
new reference word into the B register while correlation 
takes place between the A register and the R latch. 

Data in the A register and R latch are continually com- 
pared bit-for-bit by the exclusive-NOR gates, whose out- 
puts are applied to the digital summer via AND gates. The 



output of the digital summer is a 7-bit word representing, 
in binary, the number of bit positions in the A register 
and R latch that are in agreement at any instant of time. 

The M register is a 64-bit, independently-clocked mask 
register that permits the user to select bit positions where 
no comparisons are desired. This is accomplished by 
inserting a 64-bit serial word into the M register, with 
logical "0's" in the "no comparison" bit positions. Since 
the outputs from the M register are applied to the AND 
gates that also contain the outputs from the exclusive- 
NOR gates, masked bits are prevented from reaching the 
digital summer. 

Either true or inverted binary outputs can be obtained 
from the TDC1023J through use of the INV control line, 
which operates on the outputs of the digital summer. The 
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THRESHOLD 
FLAG 



CLKT 



M IN — ► 


Ml 




MASK REGISTER 






CLKM — 









"OUT 



-ov cc 
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Figure 3. TDC1023J Digital Output Correlator 
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inverters' exclusive-OR gate outputs feed seven, 3-state 
output buffers controlled by signal TS. (Logical "1" on 
the TS disables the buffered outputs by placing them in a 
high impedance state.) When INV is a logical "1", the 
seven Dq-Dq outputs are inverted; when INV is a logical 
"0", they are true. 

The TDC1023J also has a 7-bit, independently-clocked 
T register, which is used to establish a correlation thresh- 
old. Exceeding the threshold causes a logical "1" on 
Flag T, the threshold flag. The threshold is set by first 
disabling the output buffers using the TS control line, 
then using outputs Dg-Dg to parallel-load the desired 
threshold number into the T register. Flag T is activated 
when the binary number from the digital summer equals 
or exceeds the threshold stored in the T register. 



2.0 BASIC CORRELATOR APPLICATIONS 



A binary correlator compares, bit-by-bit, one sequence 
of binary digits against another. If these two binary 
sequences are derived from different sources, such as the 
phase patterns of a transmitted CW radar signal and its 
reflected return, the operation is cross-correlation. In 
contrast, auto correlation is the comparison of a single 
binary sequence against a time-shifted copy of itself. 
Cross-correlation applications include: 

• Detection of differences (e.g., errors) between two 
data sequences; 

• Determination of the time delay between two simi- 
lar signals, such as a radar transmission and its 
returning reflection; 

• Correction of errors in expanded-code (redundant) 
data streams; 

• Multiplexing of data among several users; 

• Recognition of specified patterns within a data 
stream; and 

• Synchronization of a decoding process or analyzer 
(such as a TV receiver's scanning circuits) with an 
incoming data stream. 

Autocorrelation is often employed to identify periodici- 
ties within a data stream, as a time-domain alternative to 
spectral analysis and the associated time domain — fre- 
quency domain transformations. Similarly, it can 
"extract" a periodic signal from its random noise back- 
ground, since the signal will yield high autocorrelation 
levels, while the random interface will not. 

The TDC1023J fits three broad classes of correlator 
applications: 



• Direct autocorrelation or cross-correlation of non- 
redundant non-expanded data; 

• Comparisons of expanded-code data sequences, in 
which extra bits have been added for error-rejecting 
redundancy or for other uses, such as multiplex 
addressing; and 

• Synchronization of a receiver/analysis system with 
an incoming signal. 

2.1 APPLICATIONS USING UNEXPANDED DATA 

Many correlator applications involve comparing a given 
data sequence or pattern against a standard ("correct") 
sequence. As shown in Figure 4, when presented with 
two sequences of up to 64 bits each, the correlator counts 
the number of bits in one sequence that match the corre- 
sponding bits in the other sequence. The difference (E) 
between the total number of bits under comparison (N) 
and the correlator's output (R, the number of coincident 
bits) is the number of deviations (presumably errors) 
between the two sequences,t.e., E = N - R. 

CORRELATOR REGISTER A: 



(TEST DATA) 10 0 1110 1 



CORRELATOR REGISTER B: 



(STANDARD OF COMPARISON) 10 10 11 11 



OUTPUT: 1 + 1 + 0 + 0+1 + 1 + 0+1-5 

In this example, N = 8, R = 5, and E = 8 - 5 = 3. The 
correlator's registers are filled serially with the two binary 
sequences shown; the correlator's output of "5" indicates 
that in 5 of the positions, the two sequences coincide. 

Figure 4. Correlation of a Data Sequence Against a 
Standard 

2.1.1 Logic Analyzer 

In principle, the TDC1023J correlator could be used 
in the automated testing of digital circuits. This trivial 
application is included as a tutorial example, ..to illustrate 
the correlator's function, rather than as a suggestion for 
a cost-effective, practical device. The other applications 
discussed in this paper use the correlator's unique capa- 
bilities far more efficiently. In this application the data 
values (logic levels) of a specified group of test points 
are entered serially into one of the correlator's registers. 
The remaining register is filled with the corresponding 
"correct" pattern for that device, test point(s), and test. 
The difference between the number of bits under com- ( 
parison and the number of agreements is the number of 
errors detected. 
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Although this type of operation does not identify the 
exact location of a given error, it flags and counts errors 
rapidly and automatically. In the automatic testing of a 
complex device, the correlator can count agreements as 
they arise during a long test cycle. The resulting total 
number of agreements (correlation score) can be regarded 
as a figure of merit for the device under test. A maximum 
possible score throughout the test procedure indicates 
error-free performance. This application is suitable for 
assembly line testing, where parts exhibiting no errors 
are passed, those exhibiting one or more errors are rejected, 
and there is generally no need to describe or locate each 
error precisely. 

A complication in this application is that the correlator 
can be loaded only with serial streams of data, whereas 
most test situations involve the simultaneous examination 
of data values at several parallel test points. Therefore, 
parallel-to-serial conversion of the data is often required. 
This requirement is a constraint primarily in high-speed 
multipoint testing, where the correlator's input must be 
rapidly multiplexed among several inputs (test points). 
Where higher speeds are required, two or more correlators 
may be employed in parallel, with each correlator moni- 
toring a group of test points. 

Since a typical TDC1023J correlator can accommodate 
a 20 MHz bit rate, the number of correlators required is at 
least N x R/20, where "N" is the number of test points to 
be examined and "R" is the rate at which they must be 
checked (in MHz). 

Figure 5 is a simplified block diagram of a multiple- 
correlator system designed to perform high-speed error 
analysis of several test points simultaneously. For sim- 
plicity, a separate correlator is wired to each test point in 
the circuit. During the test, the sequence of data values 
appearing at each test point is clocked serially into the 
corresponding correlator's A register. At the end of the 
test, each correlator's output score is read. 



SYSTEM UNDERGOING 
EVALUATION 



1 2345678 
OOOOOOOO 



A REG IN 
TDC1023J #8 
OUTPUT 



A REG IN 
TDC1023J #7 
OUTPUT 




-► OUT 



Figure 5. Multiple-Correlator Test Fixture Block Diagram 



In this example, the test fixture includes a separate 
TDC1023J correlator for each test point. During testing, 
the values appearing at these test points are fed serially 
into the respective A register inputs. Each correlator's B 
register holds the "correct" pattern for its test point. 
When a full test sequence is stored in each A register, 
the correlator outputs are summed. 

The TDC1023J 64-bit digital output correlator has 
three features that simplify actual implementation of the 
system in Figure 5. First, if fewer than 64 bits are required 
in a test sequence, the masking register can be used to 
select only the desired A register contents, ignoring all 
others. Second, the digital summer outputs and the 
register input and output ports facilitate serial connec- 
tion of n correlators, allowing test sequences longer than 
64 bits. Third, when set to the appropriate "pass" level, 
the threshold register will automatically activate a flag 
to distinguish between parts passing and failing the test 
sequence. 

The correlator's input registers must be appropriately 
clocked, to ensure that they read the desired test data 
values, without omissions or duplications. This is par- 
ticularly critical where parallel-to-serial conversion 
(multiplex switching) is employed to enable each corre- 
lator to evaluate several parts or test points. Further- 
more, since its inputs feed directly into one-bit-wide serial 
shift registers, the correlator is limited to verifying high 
(logic "1") and low (logic "0") levels, rather than indeter- 
minate, high-impedance, or rapidly oscillating levels. 
When properly timed, the correlator can process brief 
impulses, as long as its maximum shift rate of 20 MHz is 
not exceeded. Since the input register set up time is 
25 nsec, each input signal must remain valid for at least 
this long, to ensure proper data handling. The minimum 
correlation clock time of 50 ns also limits the TDC1023J's 
real-time correlation rate to 20 MHz. 

Two signals can be loaded into and across the A and B 
registers at a bit rate of 20 MHz for pre-correlation align- 
ment. They can also be clocked at 20 MHz during real- 
time Correlation, in which a correlation score is computed 
for each new alignment. Although the data can be re- 
aligned and correlated continuously at 20 MHz, the three 
steps of internal pipelining in the digital summation net- 
work imply that the "Nth" correlation score will be avail- 
able while the "N + 3rd" alignment is being clocked into 
the A and B registers. The user's timing and control logic 
must allow for this pipelining latency period. 

2.1.2 Time Delay Measurement 

A simple correlator-based system can determine the 
time delay between two similar patterns of bits, such as a 
transmitted radar or sonar signal and its reflected return. 
In this example, the two signals appear similar in shape 
or bit pattern, but will exhibit a relative time shift of 
2 D/C, where D is the antenna-target separation and C is 
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the speed of light (or the speed of sound, in sonar and 
ultrasound systems). Theoretically, this time delay will 
cause a low correlation between the two signals, even 
though without the delay, the two signals would corre- 
late well. As shown in Figure 6, correlator-based time 
delay measurement entails gradually "eliminating" the 
time delay by shifting one signal with respect to the other. 
The highest correlation is obtained when the total shift 
just compensates for the original time delay between two 
signals. The transmitted signal can be a burst of energy 
which contains a particular phase or amplitude pattern, 
or it can be a continuous signal comprising periodic repe- 
titions of a pattern. 



- CORRELATOR REGISTERS »-] REG COR 
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Signal "1" is the original transmission; "R" is the reflected 
return. In real time, R and T are separated by the time 
delay tq, which causes them to correlate poorly. Shift- 
ing R to eliminate the relative time delay will yield a high 
correlation. The time behaviors of bo th signals determine 
the correlation pattern. In this figure, earlier values are 
to the left of later ones. 

Figure 6. Data Shifting for Time Delay Measurement 

For time delay measurements, the TDC1023J's B regis- 
ter is fed the "original" signal, such as a transmitted radar 
for sonar) pattern, while the A register is simultaneously 
filled with the (delayed) "return" signal. The two regis- 
ters are clocked together, so that the time delay between 
the signals appears as a displacement in their relative regis- 
ter positions, as shown in Figure 7. After loading both 
registers, the system monitors the correlator output while 
continuing to clock the A register only. This loads pro- 
gressively later return signal bits, while shifting the de- 
layed pattern across the original pattern as in Figure 7. 
The number of bit shifts required for an acceptable cor- 
relation, times the signal's bit time (inverse of frequency) 
is the total time delay between the two signals. 

For time delay measurement the transmitted code 
must be long and complex enough to avoid false or ambig- 
uous alignments. For example, a code such as 101010101 

would clearly be unsuitable for time delay measurement, 
since all shifts of 2N bits (where N = 1, 2, 3, ...) would 
yield high correlations, causing ambiguous results. In 
contrast, a code which repeats only once every 500 char- 
acters is much more likely to provide an unambiguous 
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First, the original transmission and delayed reflection are 
loaded simultaneously into the B and*A registers, respec- 
tively. Next, the B register clock is stopped, while the A 
register clock continues to read in the return signal and 
shift it across the register. The highest correlation occurs 
when the "A register only" clock cycles have Just com- 
pensated for the original delay between the signals. 

Figure 7. Time Delay Measurement with a Correlator 

measure of any time delay of less than 500 bit times, 
although even this code would be unsuitable in some 
applications involving longer time delays. 

When a nonrecurring code, such as a single burst of 
information, is employed in time delay measurement, the 
length and pattern of the transmitted code are still con- 
strained. Under ideal circumstances where the only objec- 
tive is to measure distance to a target, a simple isolated 
pulse, e.g., a single positive bit surrounded by negatives 
or zeroes, can be transmitted, as shown in Figure 8. The 
returning reflection of this signal contains a similar iso- 
lated pulse, delayed by the round-trip travel time between 
the antenna and the target. However, this is an insensitive 
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As in Figure 7, the original signal is loaded into the B 
register. The return is clocked across the A register until 
a correlation of 64 is obtained. Note that the total corre- 
lation score is relatively insensitive to the imposed time 
delay, reaching 64 for perfect alignment, but 62 at all 
other times, 

Figure 8. Single-Pulse Time-Delay Measurement 
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alignment test, with a total correlation score of 62/64 
when the transmitted and received pulses are mis-aligned, 
versus 64/64 for perfect alignment. 

In the presence of noise or interference, the return sig- 
nal could contain one or more false positives, which could 
reduce the perfect-alignment correlation and generate 
other equally high correlations. 

Longer codes are used to improve the accuracy and 
sensitivity of the time delay measurement, as shown in 
Figure 9. Here, a seven-bit "Barker code" is chosen for 
its low correlation with random noise and with time- 
shifted versions of itself. Although the longer pulse code 
cannot improve the 64/64 correlation score for perfect 
time alignment, in the presence of noise it will greatly 
reduce the chance of a burst of random noise causing a 
high correlation. For a given level of interference and 
concommitant bit errors, increasing the Barker code 
length tends to reduce the frequency and magnitude of 
false correlations, thereby enhancing the accuracy of the 
range measurement system. The interested reader can 
refer to the literature on Barker codes, which offer the 
lowest achievable error rates and highest sensitivity for 
these applications. 

A caveat in time delay measurement is that the bit 
rate of the code must be high enough to permit precise 
measurement of the time delay, since the correlator can 
measure time delay only to within ±.1 bit time. A higher 
bit rate permits a more precise determination of delay 
time, but increases the amount of data to be handled. 
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CORRELATION 



In this example, alignment within one bit time generates 
a significantly higher score than any other degree of 
relative timing between the two signals. 

Figure 9. Time-Delay Measurement with a Seven-Bit 
Barker Code 



2.1.3 Identification of Periodicities in a Data Stream 

This autocorrelation application involves comparing a 
single data stream against a time-delayed replica of itself, 
in order to identify periodicities or patterns. First, as 
shown in Figure 10, the signal is loaded simultaneously 
into the A and B registers. Then, when the registers are 
full, the B register pattern is held stationary, while the 
incoming signal continues to be clocked sequentially 
through the A register, to simulate a steadily increasing 
time shift. Periodicities in the data pattern generate high 
correlations, which appear periodically as the A register 
contents slide past the B register. These correlation peaks 
are separated by low correlations, and the number of bits 
between sequential high correlations corresponds to the 
period of the repeating pattern. For example, the data 
sequence 100100100100 exhibits a high autocorrelation 
for every delay of 3N bit times, where N = 1 , 2, 3,... . 

Random noise can make a periodic signal harder to 
detect, by reducing the contrast between the periodic cor- 
relation peaks and the low "residual" correlations between 
them. However, a correlator can still identify signal 
periodicities, in the presence of surprisingly high levels of 
random noise. If S(m) and S(m + n) are the original and 
time-shifted versions of the pure signals, and N(m) and 
N(m + n) are the corresponding additive noise values, then 
the correlator performs the following sum: 



63 



R(n) = 



^ [S(m) + N(m)] [S(m + n) + N(m + n)] 
m=0 



(7) 



where m and n are indices representing discrete steps in 
time. (In this example, the sum runs arbitrarily over 64 
values only because this is the length of the TDC1023 
correlator.) The function being summed comprises four 
terms: 

S(m) . S(m + n) 

N(m) . N(m + n) 

S(m) . N(m + n ) 

N(m) . S(m + n) 

Truly random noise does not correlate significantly with 
either S or with its time-shifted self; therefore only the 
term S(m) . S(m + n) contributes significantly to R, the 
overall sum. However, according to statistical theory, 
the noise products do not necessarily vanish if the sum- 
mation is over a data set too short to constitute a sta- 
tistically representative sample. When a short sample is 
considered, the noise can interfere significantly, masking 
the pattern of periodic high and low correlations. To 
handle a data sample longer than 64 bits, the user can 
increase the length of the summation by cascading two or 
more correlators in series. 
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The original signal is fed, in duplicate, into the A and^B 
registers, generating a perfect correlation. The A register 
copy is sequentially shifted, while the B register copy is 
held static. Periodicities in the data then cause periodic 
peaks in the correlation score. 

The letters "A" and "£" tag specif ic pulses of the signal, 
for the reader's convenience. 

Figure 10. Autocorrelation and Signal Periodicities 
2.2 EXPANDED CODE APPLICATIONS 

The unexpanded data applications described in Sec- 
tion 2.1 involve direct use of data or data streams, with- 
out added redundancy or other expansion of the original 
code (pattern of bits). The following applications involve 
the comparison of expanded-code data streams against 
one another. Despite its increased length, which slows the 
transmission of useful information, expanded code is used 
for several purposes, including: 

• Correction or flagging of errors; 

• Multiplexing of code (when address information is 
included within the data stream); and 

• Automatic recognition systems, which also involve 
incorporating address information within the data 
stream. 

An "expanded code" is one which contains extra data 
bits, beyond those absolutely required to convey the in- 
formation it contains. For example, since there are four 
possible 2-bit combinations: 00, 01 , 1 0, and 1 1 , up to 
four possible data values can be unambiguously repre- 
sented by assigning each to one of these 2-bit combina- 
tions ("minimal codes"). In an expanded-code applica- 
tion, each of the four data values is assigned to one or 
more "expanded" codes longer than two bits, i.e., the 
original four values would be mapped into a space con- 
taining a larger number of possible values. The extra bits 
of an expanded code can be used either to add redun- 
dancy (for error detection) or to convey new information 



(such as addressing) in the data stream. Tables 1 and 2 
present examples of these two types of code expansion. 
In Table 1, each of the four original 2-bit codes is re- 
placed by one of four 6-bit codes, strictly to add redun- 

Table 1. Code Expansion for Redundancy 

In this example, a single bit error in the original code will 
alter its meaning. In contrast, a single-bit error in the 
expanded code will no t change its meaning, if the system 
can recognize the intended pattern from the five unaltered 
bits. 



ORIGINAL CODE 


EXPANDED CODE 


0 0 


0 0 0 0 0 0 


0 1 


0 10 10 1 


1 0 


10 10 10 


1 1 


111111 



dancy for error protection. In Table 2, each code now 
bears a third bit, which assigns the coded information to 
one of two potential users. There is no redundancy in 
Table 2; every bit bears essential data or address 
information. 

Table 2. Code Expansion for Addressing 

In this sample format, the first two bits bear the message, 
while the third identifies the intended receiver. 



ORIGINAL 
MESSAGE 



INTENDED 
RECEIVER 



FORMAT: 
MESSAGE 



2.2.1 Error Correction 

Error correction systems can operate only on expanded 
code, since it is data redundancy that enables them to de- 
tect and identify incorrect values. A maximum-efficiency 
code, such as ordinary binary numbers, can tolerate no 
errors. For example, if 1 1 10 (14) is intended.but 01 10 
(6) is sent, there is no way to determine whether the 0110 
is actually a true "6" or an intended "14" or other value, 
with one or more erroneous bits. 

However, by expanding the 16 possible 4-bit binary 
values into seven bits, a 7-bit "code alphabet" can be 
developed. A system using this expanded code can cor- 
rect single errors and detect up to two simultaneous 
errors. With the ordinary (unexpanded) binary system, 
each code is separated by only one bit from its neighbor- 
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ing codes, such that a single 1-bit error transforms one 
allowable code into another, unintended code. In coding 
terminology, the "distance between codes" is 1 bit and 
the number of "tolerable simultaneous errors" is zero. 
Expanding from four bits to seven increases the total 
number of possible combinations of bits from 24 = 16 
to 27 = 128, a factor of eight. Only 16 of these 128 
codes are regarded as valid, whereas the remaining 7 x 
16 = 112 codes each represent a one-bit deviation from 
one of the correct codes (Table 3). Since each true code 
is chosen to differ in at least three bits from all other 
correct codes, the "distance between codes" is now three 
bits, and each single-error code can be unambiguously 
associated with a particular correct code. Thus, each 
of the N = 16 original true values has been mapped into 
eight expanded codes, one representing the nominally 
correct expansion, the others each containing a single 
error in one of the seven bit positions of the expanded, 
code. In this case, since the distance between adjacent 
codes is three bits, the system can positively identify and 
correct 1-bit errors. The system can detect 2-bit errors, 
but cannot distinguish between these and other single-bit 
errors. 



Table 3. Seven-Bit Expansion of a 4-Bit Code 

Note that the last four bits of each expanded code are 
merely the original four-bit code. Furthermore, if four- 
bit code "A" is the inverse of four-bit code "B," then 
their seven-bit expansions will exhibit the same inverse 
relationship. 



ORIGINAL 



EXPANDED 



0 


0 


0 


0 


0 0 


0 


0 


0 0 


0 


0 


0 


0 


1 


0 1 


1 


0 


0 0 


1 


0 


0 


1 


0 


1 1 


0 


0 


0 1 


0 


0 


0 


1 


1 


1 0 


1 


0 


0 1 


1 


0 


1 


0 


0 


1 1 


1 


0 


1 0 


0 


0 


1 


0 


1 


1 0 


0 


0 


1 0 


1 


0 


1 


1 


0 


0 0 


1 


0 


1 1 


0 


0 


1 


1 


1 


0 1 


0 


0 


1 1 


1 


1 


0 


0 


0 


1 0 


1 


1 


0 0 


0 


1 


0 


0 


1 


1 1 


0 


1 


0 0 


1 


1 


0 


1 


0 


0 1 
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0 1 
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0 0 
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0 1 
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0 


0 


0 1 


0 


1 


1 0 


0 


1 


1 


0 


1 


0 0 


1 


1 


1 0 


1 


1 


1 


1 


0 


1 0 


0 


1 


1 1 


0 


1 


1 


1 


1 


1 1 


1 


1 


1 1 


1 



Correlator-Based Error Correction System 

An error-correction system can be designed with the 
TDC1023J correlator (Figure 11). In the 7-bit expanded 
code example, the correlator is set to compare seven con- 
secutive bits of incoming signal sequentially against the 
16 "correct" 7-bit codes. This is accomplished by reading 
seven signal bits into the correlator's B register, and then 
clocking in the first trial 7-bit "correct" code from a 
memory. If a low correlation is obtained, i.e., if fewer 
than six of the signal bits agree with their "paradigm" 
counterparts, then the next code is loaded into the 
register. If the second pattern also fails to produce a 
correlation score of 6/7 or 7/7, then the third pattern is 
loaded in, and the process continues until a correlation of 
7 or 6 is obtained, presumably corresponding to a match 
(or near-match) between the correct code and the signal. 
When this high correlation is obtained, the correct code 
value (from the memory) is sent to the system output. If 
the correlation score is a perfect 7, the output will equal 
the input, with no change. In contrast, if the correlation 
score is 6, the output will be the error-free intended code, 
even though the input contained a 1-bit error. In this 
example, the correlator's output threshold level is set to 
6, to flag only perfect and near-perfect correlations. 

The threshold flag can also be used to restart the B 
register clock, if desired. This system can operate at a 
fixed rate, clocking in a new data word after each full 
cycle through all ROM combinations, or a new data word 
can be clocked in as soon as a high correlation is reached, 
effectively "short-cycling" the system. The TDC1023 # s 
unique architecture, with the serial A and B registers, 
plus the R latch, accommodates high-speed operation, 
by permitting the user to load each new data sample into 
the B register while the previous sample (in the R Latch) 
is compared sequentially against the paradigms being 
shifted across the A register. 

This system must be modified for high-error rate appli- 
cations. As described, it yields the wrong output when 
fed a code containing two errors, since any two-error 
version of a code is indistinguishable from a one-error 
version of another code. Thus, given correct codes of 
A = 1100110 and B = 0010110, a two-error version of 



INCOMING SIGNAL— 



The incoming signal is loaded into the B register, while 
the first paradigm code is loaded into the A register. 
If the resulting correlation is high, the threshold flag 
opens the output (AND) gate, sending out the correct 
code from Aqut- If tne correlation is too low, the next 
code is loaded in, etc., until a high correlation results 

Figure 11. Correlator-Based Error Correction System 
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code A, e.g., 00001 10, is indistinguishable from one single- 
error version of B, 00001 10. The correlator mistakenly 
identifies the two-error A code as a one-error B code, and 
put out a false B code as its interpretation of the true data 
value. If a relatively high error rate is anticipated, then 
an even longer code expansion must be employed to 
increase the system's error tolerance. Using a carefully de- 
signed enhanced code, double, triple, or higher order 
errors can be accurately corrected. The maximum num- 
ber of simultaneous errors that can be corrected is always 
less than half of the distance (number of bit changes) 
between codes. Singe longer codes imply slower trans- 
mission of useful information, there is an obvious tradeoff 
between a code's efficiency and its error tolerance. 

One disadvantage of correlator-based error correction 
is that the correlator must run through numerous com- 
parisons for each segment of incoming signal code. With a 
16-combination, 7-bit code, the correlator must compare 
the incoming data stream against each of 16 stored 
combinations. 

Since each pattern is seven bits long, up to 7 x 16 = 
1 12 clock cycles are required to test each 7-bit segment of 
incoming code. Thus, in this example the maximum 
permissible bit rate for incoming information is 1/16 of 
the correlator's maximum bit shift rate. If higher data 
handling speed is required, the incoming data stream can 
be fed into two or more correlators simultaneously (Fig- 
ure 12). If two correlators are used, each correlates the 
incoming data segment against only half of the possible 
true values from the memory. When one correlator 
"finds" an acceptable high level of correlation between 
the data stream and one of its stored paradigm patterns, 
it then feeds the contents of its comparison register 
serially into the output. 




Each correlator is fed paradigms from half of the ROM. 
Since both operate simultaneously, the system speed is 
twice that of the single-ROM system. When one correla- 
tor finds a high correlation, its threshold flag allows its 
"A" register to feed through to the output. Since the 
correlator's output remains disabled, only the desired 
code reaches the output. Additional correlators will 
further increase the error correction system's speed, to a 
hardware-intensive, maximum-speed configuration of one 
correlator per paradigm pattern. 

Figure 12. Higher Speed Error Correction System 



The structure of the TDC1023J correlator suggests 
that the A register should be used for the paradigm pat- 
terns from the memory while the B register (and therefore 
the R latch) should hold the segmented incoming data 
stream. This configuration facilitates relatively rapid and 
efficient rotation of paradigms through the device. The 
error correction .system concept must be augmented 
slightly to enable the TRW correlator to accommodate 
various data word lengths. If the desired word length 
is 64 bits, then the concept functions directly, as 
described, i.e., a test pattern is read into the comparison 
register during the 64 clock cycles, then compared against 
the stored 64-bit signal sample. If a high (greater than 
threshold) correlation is obtained, this register is then 
serially emptied into the desired output, for use by the 
remainder of the system. In contrast, if a shorter word 
length is used, then at each instant, the 64-bit correlator 
contains both the desired N-bit pattern and 64-N other 
bits irrelevant to the correlation. In this case, the simplest 
solution is to program the masking register to ignore the 
first (64-N) bits in computing the correlations, so that 
only the last N bits in the register are then compared to 
the incoming word sample. When a high correlation is 
obtained, the correct signal is in the last N positions of 
the paradigm register and can be shifted out serially. 
Although the test patterns can be read sequentially 
into the A register, without any spacing or delineation 
between words, synchronization data must be provided 
to tell the correlator when each new word is in position 
for testing. Otherwise, a chance agreement between an 
incoming signal segment and mis-synchronized pieces of 
two sequential paradigm codes will cause the output of 
an unwanted code. 

In the actual system implementation, the paradigm 
codes can be read directly from a random-access memory 
(RAM), or they can be pipelined through a long shift 
register or a first-in/first-out stack (FIFO), depending on 
system timing requirements. 

If the same fixed set of codes is always used, then a 
read-only memory (ROM) can be employed as the pri- 
mary storage device. The only major requirement is that 
the correlator output be read only when one of the 
paradigm patterns is lined up exactly in the proper bit 
positions of the correlator's comparison register. Fig- 
ure 13 illustrates a simple system in which a single shift 
register holds the paradigm codes. In this example, the 
contents of the external shift register and the. correlator's 
A register are recirculated word-by-word, under control 
of the system clock. The A register's output is con- 
nected to the rest of the system when the threshold flag 
goes high. 

The preceding discussion assumes that the incoming 
data stream is word-synchronized, i.e., that the receiver 
knows when each new 7-bit incoming data word starts 
and when it ends. A lack of synchronization leads to 
ambiguous or erroneous interpretation of the message. 
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In this application, the paradigm codes recirculate sequen- 
tially between the external register and the correlator's 
A register. When a high level of correla tion is ob tained, 
the resulting threshold flag connects the A register output 
pin to the remainder of the system. 

Figure 13. Error Correction System Using a Correlator 
and a Shift Register 

For example, if an incoming sequence is ... 1 1001 1001 
. . . and we know only that it comprises 2-bit words, there 
is no way to tell whether the actual message is ... 1 1 , 
00, 11, 00. . . or . . . 10,01, 10, 01 . . . Chapter 4 de- 
scribes how a second correlator can be used to synchro- 
nize the receiver/analysis system with the incoming data. 

ROM- (or RAM)-Based Error Correction 

An alternative to correlator-based error correction is a 
ROM-based system in which each word of the incoming 
message is interpreted as a ROM address. The ROM con- 
tents corresponding to that address are then sent to the 
next portion of the system. I n a ROM -based error correc- 
tion system, several addressesi each representing a differ- 
ent error, contain the same correct data sequence. In this 
way, each of several slightly erroneous data sequences is 
mapped into the corresponding correct sequence. 

The principal disadvantage of the ROM-based error 
correction system is that it requires a far larger ROM than 
does the correlator-based system. An error correction 
system for the previously-described 7-bit expanded code 
requires eight memory locations for each of the 16 cor- 
rect codes ... a total of 128 words. In contrast, the 
correlator-based system requires only one 7-bit word 
memory location for each of the 16 codes. In this case 
no ROM is needed. Instead, the 16 words can be 
stored sequentially in a shift register and shifted through 
the correlator and back to the shift register under con- 
trol of the system clock (Figure 13). The speed of the 
ROM-based system is limited by the system's memory 
access time, whereas the speed of the correlator-based 
system depends primarily on the shift and correlation 
rates of the correlator. 

2.2.2 Interference Reduction 

Code expansion can also be used to correct data errors 
encountered by a receiver in a high-noise or high-inter- 
ference environment. In this case, the basic principle 



again is to add extra (redundant) bits to a message, there- 
by enhancing the error-tolerance of the system. For 
example, a specific 64-bit code can be assigned to the 
binary value "1" and the complement of this code to 
"0". Then, instead of a simple sequence of ones and 
zeroes, a much longer serial sequence can be transmitted 
that consists of the desired combination of expanded 
codes for "1" and "0". The resulting message contains 
the intended information, plus redundancy, which permits 
detection of errors in the transmission or reception of the 
data. The receiver can use two correlators, one holding 
the code for a "1", the other a "0", to reconstruct the 
intended message. Then, whenever an expanded code ver- 
sion of a one or zero is received, the appropriate corre- 
lator sends a "1" or "0" message to the output, from 
whence it can be fed to the remainder of the receiver 
system. 

Figure 14 is a block diagram of such a system, showing 
the technique by which the appropriate "1" and "0" 
codes are to be sent. This basic technique can also be 
applied to a multiplexing system with multiple users, 
as discussed in the following section. 

2.2.3 Code Multiplexing 

The standard system of a time-division code multi- 
plexing, which gives multiple users access to a single infor- 
mation transmission channel, involves a fixed-speed 
multiplexing switch that transfers the channel from user 
to user in a preset sequence. This system is somewhat 
inflexible: each user receives a fixed percentage use of 
the system. The TDC1023J correlator makes possible 
a flexible time sharing system, which adapts its switching 
rate and sequence according to the immediate needs of 
each user. Addressing information containing the in- 
tended receiver's unique code is attached as a prefix to 
each message. Each user has a correlator, one register of 



INCOMING 
SIGNAL 



CORR #1 
TDC1023JT 



CORR #2 
TDC1023J T 



The B register of correlator #1 holds the expanded code 
for the message "1," while the B register of correlator 
#2 holds the expanded code for "0." If correlator #1 
recognizes the expanded "1 " code in the data stream, 
its threshold flag will go high. Conversely, an expanded 
"0" code will produce a high threshold flag from corre- 
lator #2 

Figure 14. Interference Reduction System-Decoder 
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which is preloaded with the corresponding address code. 
When a user's correlator registers the proper address 
sequence, it switches the intended receiver from "standby" 
to "receive" mode. This addressing information ensures 
that the appropriate user(s) receive the correct informa- 
tion, which the other users ignore. If the next message 
is to be sent to a different user, it is preceded by his 
unique address code, which can be read only by his 
correlation receiver system. Each message, irrespective 
of its "audience", is terminated by a standard "end of 
message" code, which returns all receivers to "standby" 
to prevent them from reading messages immediately 
following their own. 

In this system, useful information can be sent over the 
single transmission channel a large percentage of time. 
The only overhead information, the address/start-of- 
message and end-of-message flags, are sent periodically 
as the need arises. The percentage of "air time" occu- 
pied by these start and end codes is a function of the 
length of the individual messages being sent. The more 
frequently the channel must be switched from one re- 
ceiver to another, the greater the percentage of air time 
that must be "wasted" on addressing and stop codes, and 
is therefore unavailable for the transmission of useful 
information. 

An alternative system involves separate encoding of 
"1's" and "0/s" for each user, as discussed in the previous 
section. Figure 15 compares the two coding formats. 
Unfortunately, separate encoding requires considerably 
greater code expansion, since every bit of useful informa- 
tion must be expanded into a sequence of several bits. 
However, this system is efficient for short messages, 
which involve frequent shifting from receiver to receiver. 
In this case, the separate "start of message/address" 
codes would occupy an unacceptably high percentage of 
the available message time. The choice between the 
"start-of-message" format and the "bit-by-bit" format 
depends heavily on the intended lengths of messages and 
the number of users of the system. Slower switching 
and longer messages tend to favor the "beginning of 
message" format, while shorter messages, frequently 
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MULTIBIT EXPANDED-CODE WORDS 
ADDRESS EMBEDDED WITHIN MESSAGE CODE 




ADDRESS 1 MESSAGE 1 END ADDRESS 2 MESSAGE 2 END ADDRESS 3 MESSAGE 3 END 




ADDRESSES AND START/END CODES SEPARATE FROM MESSAGE CODES 

Figure 15. Alternative Coding Formats for Code 
Multiplex 



switched, may favor the "bit-by-bit" format. If accurate 
word synchronization cannot be maintained over time, 
then the "beginning of message" format is recommended, 
since the "start message" codes can reset word synchroni- 
zation. Synchronization is discussed in the next section. 

A variation on the multiplexing theme is the automatic 
recognition system, in which the TDC1023J correlator's 
B register is preloaded with a key code. Whenever this 
key appears in the data stream (and therefore in the A 
register), the resulting high correlation score is used to 
energize a specific device. For example, in a remote 
warning system, the transmitter can send a key code each 
time a local emergency arises. At the receiver, the corre- 
lator's threshold flag is wired to turn on an alarm, which 
announces the emergency at the remote (transmitter) 
site. Only correlators that are programmed with this key 
code can cause the alarm to ring. 

2.2.4 Use of the A and B Registers 

Many cross-correlation applications involve the correla- 
tion of a data stream against a fixed pattern or a series 
of fixed patterns. In some cases, it is possible to leave a 
single fixed pattern in one register while clocking pre- 
stored or real time data through the other, as in the inter- 
ference reduction and data multiplex of Sections 2.2.4 
and 2.2.5. In other applications, however, it is more con- 
venient to hold a data sample in one register while shift- 
ing a series of paradigm patterns through the other, as in 
the error correction applications of Section 2.1. 

The TDC1023J correlator has been designed to accom- 
modate all of these applications efficiently. Its A register 
is directly accessible for continuous input and shifting of 
data. In contrast, the R latch is parallel loaded from the 
B register, to permit "batched" changes of the entire 
64-bit pattern. Holding its clock at a logical "1" puts 
the R latch into a transparent mode, in which its contents 
match and shift with those of the B register. Holding the 
R clock at a logical "0" permits the user to preload the 
B register with the next pattern while the A and R reg- 
ister patterns are being correlated. After the "current" 
A and R patterns have been correlated, a rising edge at 
CLOCK R replaces the R register's contents with those 
of the B register. 



3.0 SYNCHRONIZATION 



Synchronization is one of the most common uses of 
the TDC1023J correlator. In fact, many of the previous 
correlator applications require an additional correlator to 
maintain synchronization between the incoming data 
stream and the analytical system. Synchronization opera- 
tions include frame synchronization, in which the corre- 
lator identifies the start of each new frame (or major 
group) of information; word synchronization, in which 
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the beginnings of individual data words are detected; 
and bit synchronization, involving the alignment of indi- 
vidual bits of incoming information with the receiver's 
bit-by-bit clock. The correlator is probably best suited 
to frame synchronization, although its use in word or even 
bit synchronization will also be described. The frame and 
word synchronization discussions immediately following 
tell how to establish and maintain frame and word syn- 
chronization if the bit rate is known, i.e., if bit syn- 
chronization can be assumed. These techniques are useful 
in situations where the data transmission (bit) rate is 
known and invariant, where the receiver's clock is trig- 
gered by the transmitter's or where the "receiver and 
transmitter" are part of the same system. In the more 
general case, to be discussed in Section 3.3, the receiver's 
clock is periodically retuned to maintain adequate bit 
synchronization, without which the data cannot be han- 
dled properly. 

3.1 FRAME SYNCHRONIZATION 

In general, a system can achieve and maintain frame 
synchronization only if the incoming data stream is inter- 
rupted periodically by a specific "start-of-frame" pattern. 
This pattern, transmitted at the beginning of each new 
frame, tells the receiver that a new frame will immediately 
enter the input register and must be handled accordingly. 
For example, in a video system, the "start-of-frame" 
pattern tells the receiver to return its scan to the begin- 
ning position, in preparation for the new picture (frame) 
that will follow the "start-of-frame" pattern. In a non- 
video data application, such as a data filing system, the 
"frame sync" pattern could denote the beginning of 
a new group of data, such as the data file for a particular 
individual. 

In a frame synchronization system, one register (usu- 
ally the B register of the TDC1023J) is pre-loaded with 
the standard synchronization pattern, while the incoming 
data stream is shifted serially through the other (A) regis- 
ter (Figure 16). When a frame sync pattern embedded in 
the incoming data stream aligns exactly with the stored 



sync pattern, the correlator's threshold flag reaches a 
logical "1", which in turn tells the receiver to start han- 
dling a new frame of data. The special start-of-frame pat- 
tern must be long and unusual to prevent false synchroni- 
zation, which occurs when the correlator finds and locks 
onto a portion of the data stream resembling the desired 
synchronization pattern. The longer the sync pattern, 
the lower the chance of a false synchronization, but the 
larger the percentage of the total data stream that must be 
dedicated to synchronization and hence is unavailable 
for transmitting useful information. 

The receiver-correlator system operates continuously, 
with the correlator producing a high threshold flag as it 
receives each successive frame sync pattern in the incom- 
ing data stream. The rate at which these high outputs are 
generated is the frame rate of the incoming data. As long 
as its scanning system (or data filing system, etc.) is reset 
at this rate, the receiver remains synchronized with the 
incoming data and continues to distinguish one frame or 
group of data from the next. 

3.2 WORD SYNCHRONIZATION 

When presented with a data stream comprising a series 
of individual words, a system must be able to decide 
where one word ends and the next begins, to facilitate 
accurate use of the data. One obvious technique for 
separating the words in a continuous bit stream is to 
insert a "start of word" marker pattern at the end of each 
word, before the start of the following word, as shown in 
Figure 17. If a correlator in the receiver system is pro- 
grammed to identify this marker, it puts out a high corre- 
lation value whenever it encounters "start of word" in 
the incoming data stream. If the data word vocabulary 
and "start of word" marker code are carefully selected, 
the correlator's output reaches isolated high values at the 
word rate, with much lower correlation levels between 
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In this application, the B register is haded with the frame 
sync pattern, so that each occurrence of a frame sync 
pattern within the data stream causes the threshold flag 
to go high. A train of pulses, spaced at the frame rate, 
appears at the correlator's threshold output. 

The optional gate is closed when the system is first acti- 
vated, but is opened by the first threshold pulse from 
the correlator's output. 

Figure 16. Frame Synchronizer System 
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"IN THIS DRAWING, THE "OUTPUT" GRAPH SHOWS 
CORRELATION SCORE CORRESPONDING TO EACH 
PORTION OF THE A REGULAR SINGAL. 



In this example, the data (words 1,2,...) and the identi- 
cal "start of word" markers ("M") are transmitted as a 
continuous series of pulses. Ideally, the marker is a fixed 
sequence of bits which never occurs within the data 
stream. Whenever a marker in the data stream passes the 
marker stored in the B register, a spike is generated in 
the output 

Figure 17. "Start of Word" Marker Code 
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these spikes. If the signal processing system is pro- 
grammed to begin handling a new word at each correlator 
spike, it remains word-synchronized with the incoming 
data and successfully distinguishes between individual 
incoming words. 



counter is reset at each frame pulse, after which it con- 
tinues to cycle through its states, returning to its "word 
start" position every n cycles. If it abruptly shifts or 
gradually drifts out of word synchronization, the counter 
readjusts automatically at the start of the next frame. 



The "start of word" marker code must be carefully 
selected to minimize the possibility of false triggering of 
the correlator by data or noise, rather than by a true sync 
pattern. The reader interested in selecting low-error sync 
patterns is referred to in the literature on shift register 
sequences, Barker codes, and spread spectrum signal 
theory, including Shift Register Sequences (S.W. Golomb, 
1965) and Introduction to Communication Systems 
(F.G. Stremler, 1977). Most low-error sync patterns are 
"pseudo random noise" (PRN) sequences, which are 
chosen to correlate poorly with most likely data'se- 
quences. For example, a PRN sequence must contain 
roughly equal numbers of "1's" and "O's" to avoid high 
correlations with the data sequences, ". . . 000 . . ." and 
"...11111.. .". The length of the selected sync code 
represents a compromise between high efficiency, which 
requires a short correlation time, and low error rate, 
which requires a longer correlation time. 

Although the preceding procedure can yield accurate 
word synchronization, it is inefficient if the markers 
occupy a significant percentage of the total data stream. 
Clearly, if the number or length of the markers can be 
reduced, then more useful data can be sent. If the data 
words are organized into fixed-length frames, and a frame 
sync marker pattern (Section 3.1 ) is provided, it is easy to 
derive word synchronization from frame synchronization. 
If there are always N words per frame, then the word 
rate is N times the frame rate. The frame-rate output 
spikes of the frame sync correlator can be frequency- 
multiplied upward to produce the needed word-sync 
spikes. Given a fixed word length, word synchroniza- 
tion can be established and maintained with a recircu- 
lating counter, operating at modulo n, where "n" is the 
number of bits per word. In this case (Figure 18), the 



INCOMING DATA - 




► DATA TO RECEIVER 



-> WORD RATE 



In this system, word length is a constant "n," and the 
counter therefore puts out a "start new word" spike at 
every nth clock pulse (therefore every nth bit). The 
frame pulses reset the counter, to reestablish word sync 
at the start of each frame. 

Figure 18. Derivation of Word Sync from Frame Sync 



3.3 BIT SYNCHRONIZATION 

The preceding discussion assumed that the trans- 
mitter's and receiver's clocks were synchronized, i.e., 
that each pulse of the receiver's clock would load in the 
data bit immediately following the one loaded on the 
previous clock cycle. As illustrated in Figure 19, if the 
transmitter clock runs faster than the receiver clock, the 
receiver will periodically miss a data bit of the message. 
In contrast, a fast receiver clock occasionally loads a single 
bit twice in succession. These "missed-bit" and "doubled- 
bit" errors can be avoided only if the two clocks are 
synchronized. 



H — I 1 1 1 h 

1 2 3 4 5 6 



TRANSMITTED SIGNAL 



RECEIVER SAMPLES 



RECEIVER SAMPLE NUMBER 1 2 3 4 5 6 

ACTUAL DATA SAMPLE 1 2 3 5 6 7 

Figure 19. Loss of One Message Bit Due to a Slow 
Receiver Clock 



In many transmit-receive systems, the receiver clock 
requires only minor periodic adjustments to maintain syn- 
chronism with the transmitter clock. As long as the two 
clocks are nearly synchronized at all times, the frame sync 
pulses are strong and regular, providing a periodic signal 
from which word and bit synchronization can be derived, 
as needed. Figure 20 shows how a correlator and a bit 
counter can be used to derive bit sync from the frame 
sync. The system continually readjusts the receiver's 
oscillator rate according to the number of bits received 
between frame sync patterns. For example, if the receiver 
identifies two frame pulses 1023 received bits apart, while 
the actual separation is 1024 transmitted bits, then the 
receiver clock, running too slowly, has missed one data 
bit. Since only 1023 receiver clock cycles have occurred 
in a time span intended for 1024, the receiver's clock rate 
must be multiplied by 1024 t 1023 for the next frame 
of data. A typical clock and clock-adjustment hardware 
system comprises a voltage controlled oscillator, a counter, 
a digital-to-analog converter, and a simple voltage match- 
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FRAME SYNC - 



| CLK A | | SUM | 



GATE — ► DATA TO RECEIVER 



The frame sync pulse tells the controller ("decision 
logic") to read the counter and adjust the oscillator rate 
accordingly, i.e., if the count is too low, then the oscil- 
lator is to be accelerated. The controller must also reset 
the counter for the next frame of data. 

Figure 20. Bit Synchronizing System 

ing circuit. In this simple servo system, the number of 
bits between frame sync pulses is counted and con- 
verted to a voltage, which is used to readjust the clock 
rate. If the number of receiver frame bits is smaller than 
the standard transmitted frame length, the clock is accel- 
erated proportionately. 

This synchronization system has several limitations, 
including: 

• It can determine synchronization only to within 
±1 bit time per frame. Given a frame length of N 
bits, this is a timing precision of 100%/N. 

• It is applicable only to signals for which the data 
bits occupy a large percentage of the available time, 
i.e., signals with short inter-bit transition times. 
It would not be suitable for a "Morse Code"-like 
signal comprising a series of spaced impulses. 

• As described, it cannot establish correct phasing 
between the incoming bit stream and the receiver. 
This is not a serious limitation for signals with 
short interpulse intervals, for which the receiver 
can clock in each data bit anytime during its valid 
state, i.e., at any phase within a fairly broad range. 

• It is only applicable to signals whose frame size 
either is fixed or varies according to a pattern 
known to the receiver. Otherwise, the receiver's 
oscillator interprets variations in frame length as 
though they are variations in the bit transmission 
rate, leading to synchronization errors. 

• The signal used must include periodic frame sync 
patterns to "prompt" the correlator. 



The bit rate of the signal should be very stable, 
changing by less than one bit time per frame inter- 
val. Every rate change exceeding one bit per frame 
causes either a missed or an extra bit to appear at 
the receiver, and continuous high-speed change 
causes a steady stream of errors, in which the 
receiver either misses a bit or loads a single bit 
twice. 



4.0 MULTIPLE CORRELATOR APPLICATIONS 

Although a single TDC1023J correlator can handle 
only 64-bit-long sequences of single-bit data, several cor- 
relators can be connected in series to handle longer 
sequences. Similarly, several correlators can be connected 
in parallel to handle word widths of two or more bits. 
Finally, the correlator can be used with appropriate A to 
D converters to build an analog correlation system. This 
chapter outlines procedures for serial, parallel and analog 
extensions of the basic correlator circuit. 

4.1 SERIAL CONNECTIONS FOR SEQUENCES 
OVER 64-BITS LONG 

An extended-length correlator can be designed to 
handle data sequences 64N bits long, with N correlator 
IC's. First, as shown in Figure 21, the three input regis- 
ters {A, B, and M) are connected serially, such that the 
A output of the first correlator directly feeds the A input 
of the second, etc. The corresponding register clocks 
of all correlators in the string are tied together to provide 
three master clock connections, A, B, and M. To this 
point, serial connection of the correlators is identical 
to serial connection of 3 x 64 shift registers. If the 
TDC1023J digital output correlator is used, the R clocks 
must also be tied together and an external digital summing 
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Figure 21. Serial Connection of Correlators for Long 
Data Strings 
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circuit must be provided to add the outputs of the indi- 
vidual correlators, thereby computing the total number of 
A - B bit agreements encountered within the string of 
correlators. 

Serial connection of multiple correlators produces an 
efficient extended-length correlator with all of the original 
correlator features except output threshold flagging, 
which can be added to the external summing circuit, if 
needed. The external addition circuitry can be simpli- 
fied somewhat by operating the TDC1023J as a 63-bit 
correlator, i.e., by masking one bit position. In this 
configuration, the most significant bit (MSB) of each 
correlator's output can be ignored. 

The serial correlator systems depicted in Figure 21 also 
requires clock signals for the summing network in the 
correlators and for the external summing network. These 
clocks must be carefully phased to ensure that the exter- 
nal summer operates on valid correlation scores from the 
correlators. The separation of summing and shifting 
clock connections on the TDC1023J permits the user to 
shift the data through the comparison registers at 20 MHz, 
with or without simultaneous computation of the corre- 
lation sums. 



4.2 PARALLEL CONNECTIONS FOR ANALOG 
OR MULTI-BIT WORDS 

Many applications require correlations between multi- 
bit functions, instead of the simple bit streams discussed 
above. To handle multi-bit information, correlators are 
cascaded in parallel, just as parallel configurations of 
serial shift registers are used to store multi-bit information. 

There are two principal hardware architectures for 
parallel cascading of correlators. The simpler of the two 
permits correlation between a multi-bit or analog signal 
and a single-bit binary standard, whereas the more com- 
plex scheme is used to correlate two multi-bit or analog 
functions. Chapter 5 tells how to modify the latter pro- 
cedure to convolve two multi-bit or analog functions. 

4.2.1 Positive/Negative Vs One/Zero Correlation 

Single-bit and multi-bit correlation and convolution 
involve the multiplication of two functions, followed by 
summation of the resulting products. Depending on the 
application, the user requires either positive/negative 
(XNOR, exclusive-NOR) or one/zero (AND) multipli- 
cation logic, as depicted in Table 4. The XNOR logic is 
used where the two signal levels, "1" and "0", are to be 
handled as +1 and -1, respectively. There is also the type 
of logic required for comparison, since it produces a "1" 
whenever two corresponding bits agree and a "0" when 
they don't. The AND logic is appropriate in most multi- 
bit applications and in all cases in which the two "1" 
and "0" signal levels are to be interpreted at face value. 
This logic represents ordinary arithmetic multiplication. 



Table 4. Optional Correlator Logic Structures 



XNOR LOGIC - POSITIVE/NEGATIVE MULTIPLICATION OF "A" AND "B" REGISTERS 



AND LOGIC - ONE/ZERO MULTIPLICATION OF "A" AND "M" REGISTERS 



1 0 
0 0 



As shown in Table 5, the user can select XNOR multi- 
plication logic by loading the two data streams into the 
A and B registers of the TDC1023J and filling all desired 
correlation positions of the M register with "1." For 
AND logic, the data streams are loaded into the A and M 
registers and the B register is filled with "1's." Selective 
masking of bit positions is not possible with AND logic. 
Note that correlation actually is between latch R and 
register A. Holding clock R high provides direct user 
access to latch R, by making its contents track those of 
register B. 

The single-bit application outlined in Section 4.2.2 
requires XNOR logic, whereas the multi-bit/multi-bit 
applications of Section 4.2.3 and Chapter 5 are based 
on AND logic. As discussed above, the AND logic is for 

Table 5. Correlator Truth Table 

Note that only the TDC1023J digital output correlator 
includes the R latch which is parallel-loaded from the 
B register. The two basic operating modes are A XNOR 
R, enabled by mask "M," and A AND M, with R = 1. 



OVERALL LOGIC 



REG STER VALUE 



BIT 
OUTPUT 



CORRELATOR LOGIC DIAGRAM 
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"1's" and "O's" (standard binary digits), whereas the 
XNOR logic is for positive and negatives or for compari- 
sons of signals. 

4.2.2 Correlation Between an Analog Signal 
and a Single-Bit Standard 

In the presence of interference, a single-bit transmitted 
signal comprising a series of "1's" and "O's" may be 
received as a series of analog levels, as depicted in Fig- 
ure 22. In this example, the noise and interference seen 
by the receiver have added randomly to the intended 
signal level, reducing or even eliminating the distinction 
between the "1's" and "O's". As the amount of noise 
increases, so does the probability of misinterpreting one 
or more data values. 

One common way to handle the problem of additive 
noise is to quantize the incoming signal to 1 bit, by estab- 
lishing a threshold halfway between the signal levels that 
would correspond to "1" (full scale) and "0". Every 
signal value exceeding this threshold is considered to be 
a "1", whereas every sub-threshold level is declared to be 
a "0". If the desired signal pattern is loaded into the B 
register and the 1 bit quantized incoming data sequence 
is fed through the A register, the correlator's output 
approximates the true correlation between the two pat- 
terns. This procedure is acceptable in low-noise applica- 
tions where midscale (ambiguous) values are rare, but it 
can be unacceptably error-prone at higher noise levels. 
Its main limitation is that it assigns equal weighting to 
all received samples, whether they are near an extreme 
(and therefore very reliable) or near the midscale thresh- 
old (and therefore very unreliable). The further a signal 
level is from midscale, the more certain its true value. 
Therefore, a signal of 95% of full intensity (where 0% 
is a "0" and 100% is a "1") carries more information than 
one of 55%, even though both would be declared "1 's". 
The architecture discussed next addresses this problem 
directly. 

Instead of quantizing the incoming signal merely to a 
"1" or "0" (1-bit) value, an analog-to-digital converter 
can be used to quantize it to a precision of four (or more) 
bits. Although the resulting 4-bit word is not readily 
handled by a single correlator, it can be fed to four corre- 




INTENDED SIGNAL 

ACTUAL SIGNAL 

Figure 22. Binary Signal in the Presence of Noise 



lators, wired in parallel, as in Figure 23. As the figure 
suggests, each correlator handles a specific bit position of 
the incoming digitized signal. The dividers between the 
correlator's outputs and the summing network apply 
appropriate binary weighting, reflecting the relative 
importances of the correlation scores for the various 
bits. With the system illustrated, a true zero (A/D output 
"0000") or full scale (A/D output "1 111") input signal 
which matched its B-register paradigm "0" or "1" causes 
outputs of "1" from all four correlators, producing a 
final weighted sum of 1/2 + 1/4 + 1/8 + 1/16 = 15/16. 
In contrast, a signal just above midscale, with an A/D 
output of "1000", produces an output only from the 
most-significant correlator, for a final weighted sum of 
1/2. 

Thus, the architecture illustrated not only correlates 
the analog input against the binary standard, but it also 
weights the computed correlation score to reflect the 
confidence with which the true value of each bit is known. 
The advantage of this treatment of the data is illustrated 
in the following example. Given matched paradigm and 
transmitted sequences of 1 , 0, 0, 1 and a received (data 
plus interference) sequence of 1, .53, 0, 1, the single-bit, 
single-correlator system would interpret the received sig- 
nal as 1, 1, 0, 1, for a total correlation of 3, instead of the 
true value of 4. In the 4-bit system, the computed corre- 
lation would be 7/8 + 3/8 + 7/8 + 7/8 = 24/8, out of a 
possible 28/8. Thus in this admittedly extreme example, 
the single-bit system would report 75% of the true cor- 
relation, while the more complex one would report 86% 
of it, thereby demonstrating reduced sensitivity to a 
noise-induced error. 



DIGITAL SUMMING OUTPUT 




Note that all A clocks must be tied together, as must all 
B clocks, M clocks, R clocks and summer clocks. This 
application uses the XNOR internal correlator logic, as 
in the single-bit correlation discussed earlier. 

Figure 23. Four-Bit Quantization and Correlation 
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4.2.3 Correlation of Two Multi-Bit Functions 

A different parallel correlation configuration is re- 
quired where two multi-bit functions are to be correlated. 
Figure 24 depicts a 9 -correlator matrix for computing 
the correlation between two 3-bit functions (or two ana- 
log functions quantized to 3 bits each). Each combina- 
tion of bit positions of the two functions is fed to a sep- 
arate correlator, the output of which is weighted accord- 
ingly. The configuration illustrated can be justified as 
follows: 

1 ) The basic correlation equation is: 



R(m) = ^ h(n) x (m + n) 



n=1 



where m and n are indices for the serial values of the 
functions h and x. 

2) Since h and x are three-bit quantities, they can be 
represented as h • 2 2 + j • 2 1 + k • 2° = 4h + 2j + k 
and x • 2 2 + y • 2 1 + z • 2° = 4x + 2y + z, 

respectively. 

3) Therefore, the correlation product h(n) x (m + n) 
can be re-expressed (dropping the arguments m and 
n, for convenience) as : 16 xh + 8 (xj + yh) + 4 
(xk + yj + zh) + 2 (yk + zj) + zk. 

The hardware implementation of this system is straight- 
forward, requiring only the correlators and a summa- 
tion network. The various divide-by-2^ blocks are merely 
rightward shifts of N bits. Thus, the outputs of the vari- 
ous correlators are loaded into different bit positions of 
the external summer, according to their weightings, as 
shown in Figure 25. 



(MSB) 




Figure 24. Correlation ©f Two Multi-bit Functions 
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(-2) 



M 



(-4) 



Only the four MSBs of each correlator's output are 
shown. In practice, all seven bits from each can be 
summed together, according to the pattern shown above. 

Figure 25. Weighted Summation of Multiple 
Correlator Outputs 



5.0 CONVOLUTION 



is identical, except that the argument of the function "x" 
has been inverted, i.e., that its sequence of values has 
been reversed. In both correlation and convolution, 
the successive values of two functions are multiplied 
together and the resulting products are summed. How- 
ever, correlation operates on both functions in their 
natural sequences, whereas convolution operates forward 
on one function (h) and backward on the other (x), as 
shown in Figure 26. 

To convolve two functions with a correlator, the func- 
tion "h" is loaded into the A register, the function "x" 
into the "M" or B register, as discussed in Section 5.1. 
"H" is shifted in serially in the normal manner, while 
"x" must be shifted in backwards . The shifting of the 
two functions is coordinated so that h(m), the mth term 
of "h", lines up inside the correlator with x(n - m), the 
(n - m)th term of "x". The correlator then outputs 
y(n), the nth point of the convolution of h and x. Shift- 
ing the function h forward one "notch" in the corre- 
lator will then align h(m) against x(n + 1 - m), producing 
the next term of the convolution. 

M 0 | | | | h 1 | h 2 I h 3 | h 4 I h 5 | h 6 I "*T| 



A MIN-2 | | r 



Convolution, the mathematical operation of multi- 
plying two functions together and integrating their prod- 
uct across their common independent variable, is used 
extensively in digital signal processing. This section 
tells how to build a hardware convolver using one or 
more TDC1023 correlators. 

The basic equation for digital convolution is: 



y(n) = 2^ n ( m ) x (n -m) 
m=-°° 

where "h" and "x" are the two functions to be convolved 
and "m" and "n" are digital indices representing their 
common independent variable (generally time). The 
result of the convolution, y, is a function of the offset 
index "n", which measures the relative timing of the two 
functions. The equation for correlation, 



R(n) = n ( m ) x (m - n) 

m=-°o 



Step 1: Load register M with function "h" (backward) 
to state "Mq." 

Step 2: Clock function "x" forward through register A 
until x-j and n-j align. 

Step 3: Compute first convolution point, y-j = x-j • h-j . 

Step 4: Advance "A" register contents one bit, compute 
Y2 = n 1 x 2 + n 2 x 1- 

Step 5: Continue until last step, x^hj in this case. 
Figure 26. Convolution with the Correlator 

In convolution, the function "h" must be reversed, 
then loaded into register M, such that its last data point 
is the first into the register. "H" is clocked all the way 
across register M, until it just reaches the end of the reg- 
ister, i.e., its last data point (the first in) occupies the 
last position in the register, as shown in Figure 26. Regis- 
ter R must be preloaded with all "Vs." Next, the func- 
tion "x" is loaded forward into register A, so that its first 
data point is the first one into the register. It is clocked 
across the register until its first data point aligns with the 
first (last in) data point of "h." At this point, the two 
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functions overlap by exactly one data point, and ail A 
and M register locations not occupied by "x" or "h" are 
filled with zeros. The summation network is now clocked, 
causing the correlator to compute and output the first 
point of the convolution, which is simply the product of 
the first point of "h" and the first point of "x." 

The remainder of the convolution operation involves 
shifting register A one position, computing and reading 
out the next correlation score (the next point in the 
convolution), and then repeating this shift/compute 
operation until the functions "h" and "x" no longer 
overlap. The last point of the convolution is thus the 
product of the last point of "x" and the last point of 
"h." 

Digital filtering is a special form of convolution, in 
which "h" is the impulse response and "x" is the data 
stream. Digital filtering is performed exactly as 
described above, with the shift-and-compute operation 
continuing as long as data are available in "x". In a 
finite impulse response (FIR) filter, the impulse response 
is merely the sequence of coefficients. 



5.1 "EXCLUSIVE-NOR" VERSUS "AND" LOGIC 

Convolution requires standard binary multiplication 
(the logical AND function), not comparison (the logical 
XNOR function). As discussed in Section 4, the corre- 
lator AND function represents "one/zero" multiplica- 
tion. The two data functions, "x" and "h," are loaded 
into the A and M registers and the B register is filled 
with "1's," as illustrated in Figure 27. In this mode, 

b I 1 I 1 I 1 I t l 1 | i | 1 | i | ►! 

A | Q | A 5 | A 4 | A 3 | A 2 | A 1 | Q | Q | 

M [ 0 I 0 I 0 I B 1 I B 2 I B 3 I B 4 I 0 I -H 

B I 1 I ^ I M 1 i 1 > 1 I 1 I 1 I 

A I 0 I 0 I 0 I A 5 I A 4 I A 3 I A 2 I A 1 I 

M | Q | Q j Q | B 1 | B 2 | B 3 | B 4 | Q | 

Two finite functions, A and B, have been haded into the 
A and M registers, respectively. With these functions 
occupying the positions shown in the upper figure, the 
correlator will compute a single number, the value of the 
convolution for y(n = 4) = 2 A(m) B(4 - m) = AiBo 

+ A2B2 + A3B-1 . The value of the convolution for 

y(n = 6) = 2 A(m) B(6 - m) = A} B 5 + A 2 B 4 + A3B3 

+ A4B2 + A^B], is computed using the lower 

configuration. 

Figure 27. Convolution with the Correlator 



each bit position yields an output of "1" only if both the 
A and M registers hold "Ts" in that position; otherwise, 
the output for that bit is a "0". The 1023 correlator 
then performs the integration over time in its digital sum- 
mer, putting out a single value, y(m), corresponding to 
the relative alignment of the functions "x" and "h" 
within the A and M registers. 

5.2 HIGHER-PRECISION CONVOLUTION 

Many types of data should be represented to two or 
more bits precision; however, the correlator can handle 
only a single bit level. An array of correlators can be 
assembled for multibit precision, as shown in Figure 28. 
As the figure suggests, each correlator multiplies and 
"integrates" a particular combination of bit levels in the 
two input functions. The outputs of the various corre- 
lators are then summed, with appropriate binary weight- 
ings, to yield the final result. The binary weightings are 
executed through shifts of one bit position for each 
factor of two. Thus, a "divide by four" is simply a two- 
bit rightward shift of the data. As in ordinary binary 
multiplication, the relative .binary weighting for each 
correlator is merely the sum of the corresponding binary 
weightings of the multiplier and multiplicand bits fed 
into it. 

The correlator and weighting configuration described 
in the previous paragraph is easily justified algebraically. 
Every binary number represents a sum of various powers 
of 2, some with a weighting of "1", others with a weight- 
ing of "0". If the two functions are represented as 



A 0 




OUT 



Cj: are correlator chips. Input functions for convolution 
are A = A Q 2° + A^ 1 + A 2 2 2 and B = Bq2° + B 1 2 1 . 
Correlators Cqq, Cq-j and C-jq can be eliminated, if lower- 
precision convolution is acceptable. "A" values are fed 
into the A registers, while B'sgo to the M registers. 

Figure 28. Block Diagram for 3-Bit and 2-Bit Convolution 
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ao20 + ai22 + . . . + a m 2™ and bn,20 + + b22 2 
+ . . . + b n 2 n , then the product will comprise (m + 1) x 
(n + 1 ) terms, anbO 20+0 + a 1 bfj2 1 +0 + a2bn22+0 + . . . 
+ aobi2° +1 + . . . + a m b n 2 m+n = p. Mathematically, a 
digital convolution involves computing this total product 
separately for each instant of time, and then summing 
the products over time. Equivalently, the correlator 
system first sums (integrates) each individual sub-product 
(e.g., afjbo20) over time, and then combines all of these 
sums. Since only the sequence of additions is altered, 
the two operations are equivalent. 

If only a single-precision product is required, the 
lowest-order bit combinations can be ignored, signifi- 
cantly reducing the number of correlators in the circuit. 
Note that this abbreviated format yields only 0 to -1 
LSB precision, rather than the ±1/2 LSB obtainable from 
rounding a full double-precision product to single-pre- 
cision. Since the abbreviated format constitutes an 
arithmetic truncation, the results are biased downward. 
This can be corrected by adding "1" to the bit imme- 
diately below the LSB to be retained in the final product. 



5.3 HIGH PRECISION CONVOLUTION WITH 
NEGATIVE QUANTITIES 

As outlined in Figure 29, the binary weighting scheme 
outlined above can be further extended to include mul- 
tiple-precision negative numbers. Since the correlators 
perform their time integrations independently and before 
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The architecture illustrated can be extended readily to 
larger word sizes. Note that correlator outputs SI and 
IS, where I = 0, 1, . . ., are considered negative. Subtrac- 
tion is most easily accomplished by inverting the binary 
digits, adding 1 to the LSB, and adding. 

Figure 29. Convolution of Two's Complement Numbers 



the summation of each individual product, caution should 
be exercised when designing multi-correlator convolvers 
to handle negative numbers. The arithmetic format best- 
suited to this application is two's complement binary, 
in which the most significant bit is the sign bit in both 
the multiplier and the multiplicand. The sign bits must 
be treated carefully, as discussed below. In two's com- 
plement arithmetic, all correlators are operated in AND 
logic (binary multiply) mode, with the "forward" func- 
tion in the A register, the "backward" one in the M, and 
a string of "1's" in the B register. The outputs of the 
correlators that handle nonsign (positive) bits only are 
considered positive, as is the output of the correlator 
handling both sign bits. These outputs are all summed, 
each with its respective binary weighting, which is achieved 
simply through column shifting, as before. For example, 
upon receiving a 22 relative weighting, the quantity 
"101" becomes "10100." 

The correlators that multiply the sign bit of one func- 
tion against any nonsign bit of the other must also be 
treated carefully. These correlators are operated in A 
register - M register AND logic, but the final outputs 
must be subtracted from those of the other correlators, 
to reflect the negative weighting of the sign bit. The 
values must also be shifted to provide proper binary 
weighting, and leftward sign extension must be applied 
as needed. In two's complement arithmetic, the digits 
of the quantity to be subtracted are inverted, then "1" 
is added to the LSB, and the resulting quantity is added 
to produce the subtraction. The summation algorithm 
parallels the accumulation logic of standard two's com- 
plement binary multiplication. 

5.4 LONGER-SAMPLE CONVOLUTION 

Although the convolution architecture just described 
is limited by the correlator's shift register length to 64- 
sample convolutions, it can be extended readily to 128- 
sample or even longer convolutions. Expanding the 
architecture to large-sample convolutions requires replac- 
ing each correlator with N/64 correlators, where N is the 
desired number of samples in the convolution, i.e., the 
length of the shorter of the two functions "x" and "h." 
The correlators within each set are wired serially, such 
that the A, B, and M register outputs of one device feed 
the A, B, and M inputs of the next, and all correspond- 
ing register clocks are tied together within each set. 
Finally, the digital outputs within each set must be com- 
bined in a digital summer, whose output is then shifted 
(for appropriate binary weighting) and added to the out- 
puts of the other digital summers. Thus, the serial con- 
nections of correlators for extended-sample convolution 
and correlation are identical. The number of series- 
connected correlators required is L/64, where L is the 
length of the shorter of the two functions "x" and "h." 
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5.5 CONVOLUTION OF ANALOG SIGNALS 

It is relatively simply to convert the multibit convolver 
into an analog convolver, using two A/D converters. 
Since many A/D converters operate over a range which 
does not cross zero, the simplest configuration would 
be unipolar (positive-only or negative-only), in the gen- 
eral format discussed in Section 5.2 above. Treating all 
incoming signal levels as same-signed would eliminate 
the need for two's complement arithmetic and its asso- 
ciated subtractions (Section 5.3). However, bipolar sig- 
nals can be handled by offsetting the A/D converter's 
input so that an original signal of "0" produces a mid- 
scale ("1000 . . .") output, while positive signals produce 
higher outputs and negative signals produce lower out- 
puts. To convert the output of the A/D converter irtto 
two's complement format, merely invert the MSB, leaving 
the other bits unchanged. The resulting two's comple- 
ment binary code is then supplied bit-by-bit to the appro- 
priate correlator inputs. 

Note that this system represents the simplest, fastest, 
but not necessarily most cost-effective implementation 
of the analog convolver. If lower speed and increased 
control logic requirements are acceptable, the number 
of correlators and/or A/D converters can be reduced 
through the multiplexing of data inputs and outputs. The 
hardware architecture chosen depends on the data rate 
and the speed of the A/D converters that are used. 
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Digital filtering is a rapidly expanding field; it provides improved 
stability, predictability, and performance over analog designs. 
The design process for digital filters is not dramatically 
different from design techniques for high-performance analog 
filters; however, due to the flexibility of the digital approach, 
additional design decisions are necessary. 

One of these decisions is the choice between filters with 
(theoretically) infinite impulse responses and those with finite 
impulse responses. The advantages of Infinite Impulse Response 
(IIR) filters include ease of design without computer aid and 
efficiency (in -terms of number of multiplications required per 
sample for a given rolloff rate, without specifying the phase 
response). The advantages of Finite Impulse Response (FIR) 
filters include: ease of design of complex frequency responses 
with computer aid, ability (within limits) to specify the phase 
response of the filter, ease of obtaining exact linear phase, and 
circuit simplicity. 

The stages of filter design are: 

1. Specification of all relevant parameters. 

2. Generation of a transfer function which meets the 
requirements specified in step 1. 

3. Selection of a signal flow diagram to give the transfer 
function obtained in step 2. This corresponds to the 
selection of a circuit configuration in analog filter design. 

4. Selection of an architecture to carry out the calculations to 
give the signal flow graph. 

5. Designing the circuit. 

This application note discusses two different forms for Finite 
Impulse Response (FIR) digital filters. The theoretical 
development of each form precedes discussion of their merits. 
In the stages of filter design as discussed above, only steps 3 
and 4 are discussed in this application note. The Z -transform 
is used heavily in the discussion of the use of Infinite Impulse 
Response forms to <get a FIR overall response; some familiarity 
with the Z-transform is therefore assumed. 



Impulse Response of a Finite Impulse Response Filter 
N = 23 
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Figure 1 



4. The Z-transform of a finite sequence, if written in terms 
of z~\ can be translated into a signal flow diagram, as 
seen below in Figure 2. 

N-1 

H(z) = 2 h(n)z n (definition of the Z transform of a 
n=0 finite sequence h(nl of length N| 

where 

Y(z) = X(z) H(zl 

The summation is: 

Xlz) = h(0) + MHz -1 + h(2)z" 2 + ...+ h(n-1)z- <n - 1) 

Since z~1 represents a single-sample delay, this 
becomes: 




Figure 2. 



t^mmm^m^^mmmmmmmmmam^mmmm^a^^mmmmm 5. Various techniques exist for determining the values of 

Development of the Tapped Delay Line Form for FIR filters h(n) from the frequency response requirements. (See 

Theory and Application of Digital Signal Processing 

1. An impulse is a finite-length sequence of length one. f or mom dpTa :|) 



2. When an impulse is fed into a finite impulse response 
filter, the result is a finite -length sequence. 

3. The Z-transform of the impulse response of a FIR filter is 
the impulse response itself, since the Z-transform of a 
unit impulse is unity. This is shown in Figure 1. 



6. The hardware for implementing this signal flow diagram 
can be represented by one of several block diagrams, as 
shown below in Figures 3a and 3b. 
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Figure 3b 



Benefits of the Tapped Delay Line Form for FIR Filters 

1. The configuration shown in Figure 3a requires the least 
amount of hardware. (The TRW LSI Products TDC1028 
utilizes a variant on this block diagram.) Figure 3b 
requires the fewest ICs for a given filter length. With its 
large amount of parallel arithmetic hardware, 
implementation 3a offers very high operating speeds, 
with a maximum data rate equal to the cycle time of 
the arithmetic elements. 

2. Since the coefficients used in filtering are simply the 
impulse response values, this form can be used for 
adaptive filtering. 



Development of the Frequency- Sampling Form for FIR 
Filters 

1. An impulse is a finite -length sequence of length one. 

2. When an impulse is fed into a FIR filter, the result is a 
finite -length sequence, by definition. 

3. The Z-transform of a finite -length sequence always has 
a region of convergence that includes the unit circle, and 
therefore can be discussed as the frequency reponse of 

a FIR filter. 

4. Evaluating the Z-transform of a single period in a 
periodic sequence at equally-spaced points around the 
unit circle gives the same values as the Discrete Fourier 
Series of the periodic sequence. 



A periodic sequence can be composed of repetitions of a 
single aperiodic finite -duration sequence. 

5. If the DFT (with the same number of points as the 
number of taps of the FIR filter) of the impulse response 
of a FIR filter is taken, the result is the frequency 
response of the filter, sampled at equal intervals between 
zero frequency and twice the Nyquist rate. 

6. Therefore, the samples of the frequency response of a 
finite impulse response filter are identical to the 
Z-transform of the impulsejesponse. In the notation 
below, X(k) = X(k), where Xik) is the DFT of the impulse 
response. 

7. Designing a FIR filter is the same as obtaining its 
impulse response, which in turn is the same as taking 
its Z-transform, because the Z-transform of an impulse 
is unity. 

A FIR filter can be designed by taking the Z-transform 
of the impulse response, which has been obtained from 
the inverse DFT of the desired frequency response, 
sampled at N points between zero and twice the Nyquist 
frequency. 

8. Expressed mathematically: 

xln) - Z" 1 [Xlz)] or Xlz) - Z [xln)] 

where 

xln) - xln) - IDFT [IXIkl] 

9. Elaborating on the mathematics: 

N-1 

Xlz) - Z x!nk" n (definition of the Z transform of 
n-0 a finite sequence of length N) 

xln) - - V Xlk) e -i 2,rkn/N (definition of N point DFT) 
N k-0 

10. Substituting the equation for x(n) into the Z-transform: 

Xlz) - V z-nf-Vxik) e -)27rkn/N\ 
n-0 \N k-0 / 

11. Moving the ^ term to the outside and interchanging the 
order of summation: 

Xlz) - - I Z Xlk) z" n e -l 2 * kn/N 
N k-0 n-0 

12. Two quantities raised to the n tn power can be 
combined: 

i N-1 N-1 / , ,...\ 
Xlz) - - I Z Xlkl z" 1 e^Nf 
N k-0 n=0 N ' 
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13. Since the X(k) term has no dependence on n, it can be 
removed from the second summation: 



N-1 N-1, 



X(zl = - I Xlk) I (z" 1 e"i 27rk/N ) n 
N k=0 n=(P ' 

14a. To perform the second summation, a difference between 
two infinite series of the form is used: 



21. Using this value in the #13 equation, which is: 



i N-1 N-1 
X(z) = - 2 Xlk) I , 
N k=0 n=0 

The result is: 



| z -1 e -\2nmy 



X(zl 



■M 



I Xlk) 



N k=0 1 - e-|2 k/N z -1 



S = I r~ n = I r~ n - I r n 
n=0 n=0 n=N 

where 

r = e -j (2tt) k/N z -1 

14b. The infinite series sums to: 
1 

I r" n = 

n-1 1 " r 



15. Therefore: 



s = 



1 - e -j <2tt} k/N z -1 nmf j 



2 | e -j (2tt) k/N z -l)n 



16. A change of variables is performed: let n = m+N 
(m=n-N) 

s = ! _ ~ / -j (2tt) k/N z -l\m+N 

! _ e-j (2.) k/N z -1 n ; m+N \ / 



17. Distributing the exponentiation over the multiplication: 
1 



] _ e -j (2rr) k/N z -1 



. j / e -j (2tt) N/N e -j (2ttI km/N Z -N z -m\ 
n=m+N^ ' 



18. The first exponential has a value of unity, and z~N does 
not depend on the index m; therefore: 

1 



-N j ( e -j (2tt) km/N z -m\ 



! _ e -j (2*1 k/N z -1 m=0 



19. The last summation is identical to that of #15, therefore: 



1 



7 -n • 



! _ e -j (2tt) k/N z -1 ! _ e -j (2tt ) k/N z -1 

20. Since the denominators are equal, the result is: 
1 

S = -| _ e -i (2tt) k/N Z -1 



22. To simplify: 



1 



! _ e -j (2ttI k/N z -1 



which gives . 



X(z> 



-(l - z_N ) Nz o 1 Xlk) S k 



23. This can be shown in signal flow diagram form. (See 
Figure 4) 




Figure 4. 

24. Unfortunately, the poles of this circuit are exactly on the 
unit circle, which means that stability is only conditional. 
To avoid this problem, the poles are placed at a radius 
r, where r is just slightly less than unity. This guarantees 
stability at little variation in frequency response from the 
unity radius case. Therefore, the new values for the 
Z -transform of the impulse response are: 



N-1 



X(z) 



= (l-rN z-N)I A xik.S k 



; N k=0 



where r is slightly less than unity. (See Gold and Rader, 
Digital Processing of Signals, p. 83.) 
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25. This signal flow diagram is that of a FIR filter cascaded 
with a set of 1 1 R filter blocks in which the outputs are 
summed. The frequency response ofj filter includes both 
amplitude and phase response; the X(k) are complex 
numbers, as are the S|<. 

26. There is no reason to allow the h(n) to be complex as 
virtually every desired magnitude and phase response can 
be obtained with real h(n). As a result, the complex first 
order loops can be grouped as complex conjugates and 
implemented as real -coefficient second order networks. 
This implementation is shown below in Figure 5. 



1 OF N SECOND 
ORDER FILTERS 




i_r 



2ND ORDER 
FILTER BANK 

. 

Figure 5 



27. For further information on calculating the values for the 
coefficients of the second order sections, see Oppenheim 
and Shafer, Digital Signal Processing p. 161-163. 



28. The preceding development has been mathematical, with 
no physical motivation or description. Added 
understanding may come from examination of the 
operation of the frequency sampling structure in both the 
frequency (Z- plane) and time domains. 

29. The second -order elementary sections have infinite 
impulse response characteristics which stem from the 
use of feedback. As a result, they have poles, which in 
general are complex conjugates in the Z- plane. 

30. In order to get a finite impulse response characteristic 
for the overall circuit, the effects of the poles (and hence 
of the IIR -giving feedback) must be cancelled out. This 
can be done by cascading each elementary section with 

a circuit with zeros at exactly those frequencies where 
the elementary sections provide poles. 



31. In the frequency domain, the finite impulse response 
pre -filter has the response H(z)=(1 - z~ n ). This 
expression can be factored, and the result is: 

n/2 

Hfz) = 7T (1 - Z n/k ) (1 + Z n/k ) 

32. When viewed graphically in the Z-plane, this is a set of 
equally-spaced zeros on the unit circle. This is shown in 
Figure 6 below. Note that these are exactly 
superimposed on the pole locations given in (22). 
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Figure 6 

33. Actually, as mentioned in (24), the poles are designed to 
lie just within the unit circle, whereas the simple 
implementation of the FIR pre -filter gives zeros on the 
unit circle itself. As a result, there is an error term. This 
can be dealt with by changing the FIR pre -filter to 
move the zeros inward; however, the usual approach in 
practice is to ignore the problem, and treat the error as 
a small deviation from the desired frequency response. 

34. While the frequency response analysis of the action of 
frequency sampling filters describes the operating 
mechanism as pole -zero cancellation, there is also a 
good description in the time domain. 

35. Consider the impulse response of a single elementary 
section, in cascade with the FIR pre -filter. An impulse is 
applied to the FIR section, and is immediately passed 
through and applied to the elementary section. This 
elementary section starts to oscillate with a fixed 
magnitude because its pole is on the unit circle. N 
samples later (which is an integer number of cycles of 
oscillation), a negative impulse (of exactly the right value 
to stop the oscillations) is applied. This is shown in 
Figure 7. 
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Figure 7 

36. Again, as mentioned in (241, the poles of the elementary 
sections are moved inside the unit circle. The 
time -domain effect of this is that the second 
(countervailing) impulse is now just slightly larger than 
that necessary to stop the oscillations, with the net 
effect of reversing the phase of those oscillations. 
However, finite arithmetic precision may result in zero 
oscillations in many actual implementations. 



Benefits of the Frequency- Sampling Form for FIR Filters 

1. On first examination, the block diagram shown in Figure 
5 seems to have a severe drawback: over twice the 
number of multiplications are required compared to the 
tapped delay line implementation. 

2. If frequency selective filters (lowpass, highpass, bandpass, 
or bandstopl are being designed, many of the frequencies 
which are sampled will have a response of zero. Second 
order filters for these frequencies need not be 
implemented. This can reduce the number of 
multiplications significantly. In fact, it may require fewer 
multiplications than the delay line architecture. The cost 

is increased memory, since more values must be stored; 
however, at the present cost of memory chips, this is 
not a large penalty. 



3. This signal flow diagram configuration might be 
implemented in the hardware block diagram shown in 
Figure 3. It is the same hardware block diagram used 
for Infinite Impulse Response Filters; thus, this 
configuration may be desirable for general -purpose 
programmable filter implementation, where either type of 
filter may be required. For further information about this 
hardware design, see TRW LSI Products Application Note 
TP-7A. 

4. The frequency-sampled implementation requires greater 
design effort than the tapped delay line form. The 
availability of computer-aided design . programs is easier 
for the tapped delay line form; however, programs to 
perform the frequency sampling design are easier to 
write. 



Summary 

Most present-day applications of FIR filters use the tapped 
delay line implementation, for its ease in design and 
adaptation. An alternative form has been described which may 
be more efficient, and which can be hardware 
time -multiplexed with Infinite Impulse Response filters, due to 
the similarities. 
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Introduction 

The TDC1018 and TDC1034 digital-to-analog converters ID/A) 
were designed for operation in systems that employ ECL logic 
families. The digital inputs to these devices are designed for 
direct ECL compatibility and a single power supply voltage of 
-5.2 Volts is all that is required for operation. 

There are many TTL systems that require the use of 
high-speed D/A converters but have only +5 Volt power 
supplies available. The TDC1018 and TDC1034 can easily be 
used in a TTL environment and this application note suggests 
practical circuits and clarifies some of the issues that surface. 

"Normal" Operation 

The circuitry of the TDC1018 and TDC1034 has been 
partitioned on the chip into analog and digital functions. This is 
done in order to optimize noise and feedthrough performance 
of the D/A 'converter. Both devices have analog and digital 
ground inputs as well as analog and digital power inputs. 



Device, Power, Ground 


ECL mode 


TTL mode 


TDC1018 

Positive Analog Power 
Positive Digital Power 




A GND pin 17 
D GND Pin 9 


Analog Ground 
Digital Ground 


A GND Pin 17 
D GN0 Pin 9 


V EEA Pin 20 
V EED Pin 5 


Negative Analog Power 
Negative Digital Power 


V E EA 20 
V EED Pin 5 




TDC1034 

Positive Analog Power 
Positive Digital Power 




V CCA pin 13 
V CCD Pin 6 


Analog Ground 
Digital Ground 


V C CA Pin 13 
V CCD Pin 6 


V EE A Pin 16 
V EED Pin 3 


Negative Analog Power 
Negative Digital Power 


V E EA Pin 16 
V EED Pin 3 





Table 1. Power And Ground Connections For ECL And 
TTL System Operation. 



Since the TDC1018 was designed for ECL systems, its Aqnq 
and Dfj|\jrj inputs normally connect to 0.0 Volts (system 
ground) and the power supply pins, V^/\ and Vf^, connect 
to -5.2 Volts. The basic connections for the TDC1034 are the 
same but the analog and digital ground inputs have been 
renamed to more accurately reflect their functions. In normal 
ECL system operation, the VrjrjA ar, d ^CCD in P uts °* ^ e 
TDC1034 connect to system analog and digital grounds 
respectively. 

Power Supply Connections in a TTL System 

As long as the correct polarity of the power supply inputs is 
maintained, the TDC1018 and TDC1034 can operate from a 
+5.0 Volt supply as well as a -5.2 Volt supply. The D/A 
converter is not affected by the nature of its power supply. To 
operate in TTL mode, the more positive power supply inputs 
(Arj|\|rj and Dqnq on the TDC1018, VqcA ana " ^CCD on tne 
TDC1034) connect to +5 Volts. The negative power inputs 
'VEEA and V^d) connect to system ground. Table 1 
summarizes the power and ground connections for the 
TDC1018 and TDC1034 in ECL and TTL operating modes. 
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Getting the TTL Data In 

Since the TDC1018 and TDC1034 were designed for ECL 
systems, all of their digital inputs are optimized for ECL logic 
levels. The Operating Conditions Table of the Datasheet 
indicates the minimum voltage (with respect to Dqi\jq or 
Vfjrjrj) that can be applied to the D/A which will insure a logic 
"1" as V|H- V|L is the maximum voltage that can be applied 
which will insure a logic "0." 

The V|[ specification can also be restated as: any voltage more 
negative than -1.49 Volts but more positive than V^p is a 
logic "0." Similarly, Vjh can be restated as: any input voltage 
more positive than -1.045 Volts but more negative than Drj|\|D 
is a logic "1." These interpretations of V|l and Vjh are 
predicated on the connection of Drj|\jrj to 0 Volts and V^q to 
-5.2 Volts. 

Since- the D/A converters can be operated from a positive 
power supply voltage, % and input conditions must be 
translated into TTL equivalents. V|[ in a TTL environment 
becomes: any input voltage more negative than +3.51 Volts 
(Vrjc ~ 1-49) is a logic "0.* Similarly V|h in a TTL environment 
becomes: any input voltage more positive than +3.955 Volts 
(Vrjc - 1.045) is a logic "1." Table 2 summarizes the 
translation of Vjj_ and in TTL and ECL operating modes. 



Digital Input 


ECL mode 


TTL mode 


logic "1" 


-1.045 to 0.0V 


+3.955 to +5.0V 


logic "0" 


-1.49 to -5.2V 


0.0 to +3.51V 



Table 2. Vjh And Vjx, Operating Conditions For ECL And 
TTL Operating Modes. 
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An appropriate way to drive the digital inputs of the TDC1018 
or TDC1034 D/A converter from TTL devices is shown on the 
left-hand side of Figure 1. A resistor divider network between 
the TTL gate and D/A converter will insure proper input level 
for the D/A, with minimum Vqh for the TTL gate of 2.4 Volts 
and a maximum Vql of 0.4 Volts. 

Getting The Analog Out 

The analog output structure for both the TDC1018 and 
TDC1034 is the same. Output current "sinks" (flows into) the 
complementary 0UT+ and OUT- terminals. The compliance 
voltage limitations on these outputs are specified with respect 
to the positive power inputs. 

In order to convert the D/A output current into a output 
voltage, a load resistor is connected between the output 
terminal and the positive power input. In a TTL system, this 
will create an output voltage that varies with respect to the 
+5 Volt supply. In some applications this is undesirable because 
of the variation and noise of the +5 Volt power supply. 

Figure 1 is a suggested circuit that can be used to "turn 
around" the D/A output current and generate an output voltage 
that varies with respect to analog ground and is relatively 
insensitive to variations in power supply voltage. PNP 
transistors Q1 and Q2 are biased in a way that maintains a 
nearly constant voltage on the base of Q1. The current that 
flows in Q1 is the difference between the constant quiescent 
current set up by R1 and the voltage drop across U2, and the 
D/A output current flowing into the OUT- terminal. 



A 1.2 Volt band-gap reference diode, U2, provides the 
reference voltage for the D/A converter and the bias voltage 
for output transistor Q1. Q2 is a diode -connected transistor 
which functions as temperature compensation for the 
emitter-base voltage of transistor Q1. Since a maximum of 
nearly 30 milliamps can flow through Q1, a monolithic dual 
PNP transistor is not recommended. Q1 and Q2 should be 
placed in close thermal contact. 

Since the output transistor is biased with respect to the +5 
Volt power supply, bypass capacitors on the base of Q1 are 
connected to +5 and not to ground. The sum of the currents 
from the outputs of the D/A converter is constant and should 
share a common path to Vrjrj that excludes the reference 
circuitry. This will reduce the possibility of creating a signal 
feedback path back into the D/A. 

Two performance photographs are shown in Figures 2 and 3. 
The full 1 —Volt p-p output of the circuit is- shown in Figure 2. 
The ramp portion of the photo indicates the normal linear 
dynamic range of the D/A converter as it varies from black to 
white. Additionally, the SYNC input to the D/A converter is 
activated after the video range reaches full scale. Figure 3 
shows the dynamic performance of the circuit when it puts 
out a 25 nanosecond full-scale video pulse. The small variable 
capacitor between base and collector of Q1 can be used to 
optimize the pulse response. 
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Analysis Of The Current "Turn- Around" Circuit 



A set of equations is helpful in tailoring this circuit for a 
specific application. Equations 1, 2, and 3 show the derivation 
of the transfer function of the circuit. Equations 4, 5, and 6 
come from information presented on the TDC1018 Datasheet. 
The relationship between the output voltage of the circuit to 
the current in Q1 is given by: 




VOUT = >EQ1 x x m (D 

p] + 1 

where p\ is the forward current gain of transistor Q1. 

The current in Q1 as a function of D/A converter output 
current can be shown by: 

Vu2 + (VBE2 - V BE1> 



•EQ1 



R1 



- ID/A 



(2) 



where Vy2 ' s tne forward voltage drop across band -gap 
reference device (1.22 Volts nominally) and ID/A is the D/A 
output current flowing into the OUT- terminal of the D/A 
converter. 

The transfer function of the TDC1018 D/A converter in its 
linear range is given by: 

nnput data\ 



ID/A 



/input data \ 

x Irff x K1 

\ 256 / ntr 



'blk 



where Iref is the reference current flowing into the REF+ 
terminal of the D/A converter, K1 is a constant derived from 
the datasheet, and IrjLK ' s tne nominal D/A output current 
when the D/A converter outputs "black." 

IREF' 'BLK' an d 'SYNC uUt P ut current levels can be determined 
from the Operating Conditions Table and the Video Control 
Truth Table found on the datasheet for the TDC1018. 



'REF - 



- / V U2 \ 

\R3A + R3B/ 

IrjLK = 19.4 mA nominally 
ISYNC 0Ut P ut curre nt 



1.115 mA nominally 



(4) 
(51 



K1 



'REF 



28.57 mA 
1.115 mA 



25.6 



Conclusion 

The circuit described is a true single power supply voltage 
output D/A converter. The techniques discussed in this 
application note should help clarify the operation of TRW's 
high-speed eight and four -bit D/A converters in a TTL 
environment. 
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Non- Linear 
Operations with the 
TMC2301 Image 
Resampling 
Sequencer 

John Eldon, TRW LSI Products Inc. 
John Watson, U.C.S.D. 

The TMC2301 Image Resampling Sequencer is used in an 
image filtering and resampling system both to map input 
address sequences to output address sequences (a geometric 
transformation) and to provide a set of local addresses (a 
"walk") with which to calculate each output point's intensity by 
interpolation of a selected number of input points' intensities. 
Both these functions and the associated control signals are 
described in TP-36 and TP-37. Here we will consider the use 
of pure and mixed second -order terms to achieve nonlinear 
geometric mappings. A general technique for approaching 
nonlinear transforms and two simple examples are included. 
Finally, a series of parameter sets is given to demonstrate the 
effect of second -order coefficients on a rectangular test 
image. 

Review of Zero and First Order Terms 

The TMC2301 implements the following "backward" mapping 
from (u, v), the output address/to (x, y), the input address 
(with the kernel = 0, i.e., with no pixel walk, since we are 
not yet concerned with interpolation here): 

X=XO+u*DXUO+(u 2 -u)/2*DXUU+u*v*DXUV+v*DXVOf(v 2 -v)/2*DXVV 
Y=Y0+u*DYU04-(u 2 -u)f2*DYUU+u*v*DYUV+v*DYV0 + (v 2 -v)/2*DYVV 

Here we use the notation DXUO = dX/dUO, 

DXUU = d 2 X/dU, DXUV = d 2 X/dUdV, etc. As described in 

TP-36 and TP-37, the lower-order coefficients operate as 

follows: 

XO and YO translate the (u, v) image by shifting its origin. 

DXUO copies, expands or -compresses the (u, v) image 
horizontally, for the cases DXUO = 1, DXU0>1, and 
0 < DXUO < 1 respectively. DXUO < 0 constitutes a reflection 
(copied, compressed or expanded) about the vertical axis. 

DXVO shears the curve in the horizontal direction, as shown in 
Figures 1 and 2: 
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Figure 1 

(0. 0) (0. 0) 




Note: 

1. It is important to understand that these are "backward" 
mappings, which go from an "irregular" (x, yl input image to 
a rectangular (u, vl output image. This would be the 
direction of a typical distortion correction, for example. In 
the "Test Images" section below, coefficients are provided to 
go from a rectangular input (x, y) image to an "irregular" 
output (u, v) image. 

DYUO copies, expands or compresses the (u, v) image 
vertically, for the cases DYUO - 1, DYUO > 1 AND DYU0<1 
respectively. 

DYVO shears the image in the vertical direction, as shown in 
Figures 3 and 4: 



Figure 3 

(0. 0) (0. 0) 




^ ► 
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Meaning of Nonlinear Terms 

There are two useful ways to look at the DXUU, DXUV, DYUU, 
DYVV, and DYUV expressions. On the one hand, they are the 
coefficients of [ft, U*V and V? for the separate X and Y 
equations (with a minor adjustment; see the next section). On 
the other hand, they can be thought of as second derivatives 
(or, more correctly, second -order finite differences). Thus, for 
example, the positive half of the parabola y = 2*l|2 has a 
positive second derivative d^Y/dU = 4 and, indeed, setting 
DYUU = 4 and DXUO = 1 transforms the line U = 0 to 
Y = 2*U2 (again, with the necessary coefficient adjustments). 
Likewise, d^X/dUV = d (a constant) has the continuous 
solution X = cT*U*V + (terms in U and V alone), and with 
the TMC2301, setting DXUV = d results in a d*U*V term in 
the solution for X (see above). 

With either interpretation, the second -order inputs perform the 
following operations (again, we consider the "backward" 
mapping from the rectangular (u, v) ouput to the (x, y) input): 

DXUU: Just as DXUO expands or compresses an image in the 
horizontal direction linearly, so DXUU expands or 
compresses it nonlinearly (with U?). For example (again 
ignoring adjustments, i.e., in this example, DXUU is 
presumed to directly multiply Ufy 



Figure 7 

(O, 0) 



(0, 0) 



(x, y) 




DXW>0 



Figure 8 

(0. 0) 



(0, 0) 



(x. y) 




DXW<0 



Figure 5 

(0. 0) 



(0, 0) 



DXUV: This produces another horizontal warp, in which the 
lower righthand corner of the (u, v) image undergoes 
the maximum horizontal deflection, whereas the upper 
and left-side borders (where u and v are small) are 
warped least, as in Figures 9 and 10: 

Figure 9 

(0, 0) 



(x.y) 



DXUU>0 



(u. v) 



Figure 6 

(0, 0) 



(x, y) 




DXUV>0 



(0. 0) 



(x,y) 



DXUU<0 




Figure 10 

(0. 0) 



(0, 0) 



(u, v) 



(x.y) 



DXVV: This produces a nonlinear "warp" in the horizontal 

direction as one moves down a column, as in Figures 7 
and 8: 



M ► 



DXUV> 0 




DYUU: This produces a nonlinear warp in the vertical direction, 
as in Figures 11 and 12: 
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Figure 11 



(x. y) 



DYUU>0 




Figure 12 



(x. y) 




DYUU> 0 



DYVV: This expands or compresses in the vertical direction 
non -linearly, as in Figures 13 and 14: 

Rgure 13 





















(x, y) 


DYVV> 0 


Figure 14 


(u,v) 






M ► 












(u,v) 



(x. y) 



DYW>0 
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DYUV: This warps the curve in the vertical direction, in which 
the lower righthand corner undergoes the maximum 
vertical shift, as in Figures 15 and 16: 

Rgure 15 



fx, y) 



-< ► 



DYUV> 0 




Figure 16 




DYUV> 0 



Compensating the Coefficients 
(Not Applicable to DXUV, DYUV) 

The "pure" second -order terms are implemented by the 
TMC2301 with a double accumulation which results in the 
form (e.g.l Y =■ DYUU1U 2 - U)/2. Thus, when we wish to 
implement a formula of the form Y = c1*l|2 + c2*U, we 
need the following coefficient transformation: 

DYUU - 2*c1; DYUO = d + c2 

The same (analogous) transformation holds for DXUU, DXW, 
DYVV, DXUO, DXVO and DYVO. For examples, see below. 
DXUV and DYUV require no adjustment. 

Technique 

Each nonlinear situation requires a different treatment, mainly 
because the functional forms can be hard to identify, and 
nonlinear matrices cannot be cascaded as the linear operations 
such as translation, rotation and scaling can be (see TP- 36). A 

possible generalized approach is as follows: 

a. Superimpose the input and output images with the output 
(u, v) image aligned with an axis, if possible, so that the U 
and V functional forms are dimensionaily separable in terms 
of the axes. 

b. Estimate a functional form of the input (x, y) image. If 
necessary, define a new set of axes to help with this step. 
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c. Working from the image backwards, map the image into 
the intermediary axis set (if any), rotate the intermediary 
axes to the u, v axes (or the u' ; v' axes set), then express 
the desired U and V functional forms. 

d. Remember to adjust the coefficient on any pure first and 
second-order terms (DXUU, DXVV, DYUU, DYVV, DXUO, 
DXVO, DYUO, DYVO). 

Examples 
I. Keystoning 

Say that the image (in the x, y plane) is of the form illustrated 
in Figure 17, with "keystoning" distortion and horizontal 
curvature, and it is desired to correct the perspective and 
restore the picture to its rectangular form (Figure 18). (The 
keystoning is rather extensive, to make the example easy to 
follow.) 



Figure 17 Figure 18 



O 120 0 120 




(x. y) IMAGE (DESIRED) (u, v) IMAGE 

Figure 19 

(0. 0) (120, 20) 



/ 


* 


1 

\ 
\ 
1 

V'-' 


1 
1 
1 



(0. 120) (120, 120) 

SUPERPOSITION OHx, y) 
AND (u, v) IMAGES 

Step a, the superposition, is illustrated in Figure 19. Since the 
X and Y components are easily separable (the sides are a 
function of v, and the top and bottom are a function of u), no 
rotation is necessary. 

Step b: To get the functional forms, consider the sides first. 
To map the vertical lines U = 0 and U = 120 into the x, y 
image, we need a horizontal shear to the right (DXVO > 0) for 
the U = 0 line and, then, a horizontal warp to the left 
(DXUV<0) to correct the righthand side. Since both operations 
work as functions of the original u, v space, the horizontal 
warp will not affect the left edge. 



The shear (DXDV) affects the mapping of the (u, v) rectangle, 
as in Figure 20: 

Then, the warp (DXUV) brings the right edge back, as in Figure 
21: 



Figure 20 

(0,20) (120,20) (0,20) (120,20) 




(0, 120) (120, 120) (20, 120) 

(x. y) (u> v) 

(INTERMEDIARY) 



Figure 21 

(0,20) (120,20) (0,20) (120,20) 




(20, 120) (20, 120) (100. 120) 

(u. v) (u. v) 

(INTERMEDIARY) 



Taking as our functional form, then: 

X = U + d*V + c2*U*V; 

Step c: Since the shear begins at V = 20 and is linear 
thereafter, we translate the starting point: 

X = U + d*(V - 20) + c2*U*(V - 20) 

Since the lefthand side is not affected by c2 and needs a 
slope of 1/5, we know d = 0.2. Then, plugging in points, e.g., 
X(120, 120) = 100, we get c2 = -0.0333. Expanding: 

X = 1.0667U + 0.2*V - 0.00333*V*U - 4; this can be 
checked by substituting in other test points, e.g., (U, V) = (0, 
20), (60, 20), (120, 60), etc. 

So DXUO = 1.0667, DXVO = 0.2, DXUV = 0.00333, XO = -4 
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II. Correcting the Horizontal Curvature 

Turning to the top and bottom, one must choose a functional 
form. Unfortunately, one is limited to polynominal forms; a 
circle is not available, since Y will equal the square root of 
some polynominal function in U. However, an arc can be 
closely approximated by a parabolic form, and that is the 
obvious choice here. Since Y is positive going downwards, and 
the vertex of the parabola is translated along the u-axis by 
60, we suppose a form: 

Y = A*U 2 + B*U + C + V 

The point (U, V) = (0, 20) maps to Y = 20, and the points 
(U, V) = (60, 0) and (120, 20) mapping to Y = 0 and Y = 20 
respectively. Substituting this yields: 

Y = (1/180)*U 2 - (2/3)*U + V 

But here the DYUU term requires coefficient transformation, as 
above. Since d = (1/180) and c2 = (-2/3), 
DYUU = 2*c1 = 0.01111 and DYUO = d + c2 = -0.66111. 
The "V" term requires DYVO = 1. 

Inputting these 7 coefficients (with others equal to 0) will 
transform the x, y image to the rectangular boundary of 
U = 0 to 120, V = 20 to 120. Of course, if the original image 
weren't precisely parabolic, there would be some error. In this 
case, if the top and bottom were actually circular, we could 
easily calculate from Figure 22: 



Figure 22 



(0. 20) 



(60. 0) 




(120, 20) 



R = (L/2) 2 + (R - abs(b)) 2 
R = (L/2) 2 + b 2 ) / 2*abs(b) 



0, and thus 



(60 - X) 2 + (1100 - Y) 2 = 10000. Comparing these values 
with the parabolic ones, one can determine the accuracy of 
the approximation. If you wish to make it even closer, you can 
use a least -squares curve fitting technique by taking more 
points from the "ideal" circle. 

(NOTE: To get the functional form desired, of course, the user 
may employ any standard technique for translating a series of 
points into an explicit functional description. With only first and 
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second -order terms available, however, something like the 
above approach is usually easiest.) 

III. A Tutorial Example 

We will now consider a more complex example (with little 
practical significance) to illustrate the general technique. Say 
you were given the following input image (bottom curve of 
Figure 23) and desired output image (top curve of Figure 23): 



Figure 23 

0 5 10 
I I 



\ 



15 
1- 



20 



25 



(u. v) IMAGE 




(x. y) IMAGE 



Step a, to superimpose the images with the U and V 
functional forms aligned with an axis, is already done. Step b 
is to estimate a functional form of the input image. To help 
do this, we introduce intermediate axes Zx and Zy, extend the 
input image to be symmetrical, and measure distances from 
the new axes to some known image points (Figure 24): 

Figure 24 





1 1 1 1 1 1 r 

/ 


5-/ 




✓ 

" (u. v) IMAGE 


10 7 






15 7 






zo y 






25 y 






r 




) (x. y) IMAGE 
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Clearly, we can again estimate a parabolic form for the x, y 
image in terms of Zx and Zy: 

Zy = A*(Zx.- 20)2 + B *(Zx - 20) + C 

c. Using some points, e.g., (Zx, Zy) = (10, 10), (20, 30) and 
(30, 10), yields: 

Zy « (1/5)Zx 2 + 8*Zx - 50, Zx = 10 to 25. 

Now, this axis (from 10 to 25) must be mapped to the 
eventual U axis, which can be done by the standard 
rotation matrix:.. 

|X'| |cos 120° - sin 120°| 

|Y'| ~ ' lZ ' z ' IJ | sin 120° cos 120°| 

Substituting for Zy, we get: 

X' = 0.173*Zx2 + 6.4287*Zx - 43.3 

Y - -.17x2 + 4.866*Zx - 25 

Now, sweeping X' through 10 to 25 is the same as 
sweeping Zx through 10 to 25, so we have the x, y image 
as a function of the U-axis, U = 10 to 25. But we want 
to sweep U from 0 to 15, so we shift: 

X = -0.173*(u + 10)2 + 6.428*(u + 10) - 43.3 

Y - 0.HU + 10)2 + 4.8666*(U + 10) - 25 

Now, we have the original (x, y) curve by tracking along 
the U-axis from 0 to 15. But we want to generate it by 
sweeping through the output curve, i.e., 
V=-(1/30ru2+(2/3)*U. So that this translates into the 
desired (x, y) image, we need to add 1 to Y for each 
increment of V (a Y = V term, i.e., DYVO = 1, as is 
normal in a copy; see above) and, then, subtract the 
expression for V above from each Y point. (See Figure 25): 

Figure 25 



20 



25 



AMOUNT OF 
SUBTRACTION 



This yields (expanding) Y = V - p.0666*u2 + 2.2*U + 13.66. 
The U values along the curve will be the same as those along 
the axis. Finally, we need to compensate for the DXUU and 
DYUU coefficients: 

DXUU = 2*C1 = 2*1-0.1731= -0.346; 
DXUO = C1 + C2 = 2.968 - 0.173 = 2.795; 



DYUU = 21-0.0666) « -01333; 
DYUO - 2.2 + (-0.0666) = 2.1333; 
7-100 



The other coefficients map directly: DYVO - 1, XO = 3.68; 
YO = 13.66. 

Inputting these coefficients will indeed transform the given 
(x, y) input image to the given (u, v) output image. 

Test Images 

The above examples all take an Irregular" input (x, y) image 
and map it to a rectangular output (u, v) image. For the 
purposes of testing (or for intentional distortion of an image), 
the reverse process is useful: taking a rectangular (x, y) input 
and producing an "irregular" (u, v) output. Below are 12 
examples (assuming a full-scale screen of 512x512 pixels) of 
using 1 coefficient at a time to transform a rectangular input. 
The pure second -order coefficients have been compensated, as 
described above (e.g., in the first example below, we achieve 
X = 1/512 U 2 by setting DXUU - 2*C1 = 1/256 and 
DXUO = C1 + C2 - 1/512). 



Figure 26 

(0. 0) 



(512. 0) 



(0. 0) 



(284, 0) 



(0, 512) 



(x, y) 



(512, 512) (0. 512) 

DXUU>0 



(284. 512) 



(u. v) 



DXUU = 0.00694444 
(0.0000 0001 1100 0111 0001) 
DXUO = 0.00347222 
(0.0000 0000 1110 0011 0101) 
DYVO = 1 



Figure 27 

(0. 0) 



256 



(0. 0) 



(512, 0) 



(0, 512) IMAGE 
(x, Y ) 



(0, 512) 



(512. 512) 



DXUU<0 



(u. v) 



DXUU = 1/512 = -2~ 9 
(...111.1111 1111 1000) 
DXUO = 1 - 1/1024 = 1023/1024 
(0.1111 1111 1100 0000) 
DYVO = 1 
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Figure 28 

DXW > 0 {WITH OFFSET) 
(0, 0) 



(0, 0) (64, 0) 



(512, ( 



Figure 31 

DXUV< 0 
(0. 0) (256, 0) 



(0. 0) 



(256. 0) 





(x, y) 



(512, 512) 



(0, 512) 



(u. v) 



(x, y) 



(256, 512) 



(u, v) 



(512. 512) 



DXW = 1/2048 = 2" 11 
(0.0000 0000 0010) 
DXUO = 4097/4096 
(1.0000 0000 0001 0000) 
XO = -64 
(...111000000.00...) 



DXUV = 2~ 10 
(...111.1111 1111 1100) 
DXUO = 1 
DYVO = 1 



Figure 29 

DXW<0 
(0.0) 



(x,y) 



(512, 512) 



DXW = -1/2048 
(...111.1111 1111 1110 0000) 
DXVO = -1/4096 
(...111.1111 1111 1111 0000) 
DXUO = 1 
DYVO = 1 




(64, 512) 



Oi. v) 



Figure 32 



(0, 0) 



(512. -64) 



(0.0) 



(x. y) 

DYUU = 2~ 11 
(0.0000 0000 0010) 
DYVO = 1 
DXUO = 1 



(512. 512) 



(u, v) 



(512. 448) 



Figure 30 

DXUV>0 



Figure 33 

DYUU< 0 



(0. 0) 



(512, 0) 



(0. 0) 



(x.y) 



(512, 512) 



(u, v) 



(448, 512) 



(x, y) 



(512. 512) 



(u, v) 



(512, 576) 



DXUV = 2.7902 10" 4 
(0.00000000000100100100) 
DXUO = 1 
DYVO = 1 



DYUU = -2" 11 

( ... 111.1111111111100000) 

DYUO = -2 -12 

(...111.1111111111110000) 

DYVO = 1 

DXUO = 1 
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Figure 34 

DYW>0 
(0. 0) 



(0. 0) 



(u f v) 



(512, 384) 



(x.y) 

DYW = 6.94444X10" 3 
(0.0000000111000111001) 

DYVO = 3.472222X10 -3 
(0.0000000011100011110) 
DXUO = 1 



Figure 35 

DYW<0 



(512, 512) 



(0,0) 



(0, 256) 



(512, 256) 



(512, 512) 



DYW = -1/512 = -2~ 9 
(...111.1111111111000) 
DYVO = 511/512 
(0.111111111000) 
DXUO = 1 



Figure 36 



DYUV> 0 
(0,0) 



(512, 0) 



(0, 0) 



(512, 448) 



(0, 512) 



(x, y) 



(512, 512) 



(u. v) 



DYUV = 3/2.7902X10 -4 
(0.00000000000100100) 
DYVO - 1 
DXYO = 1 



Figure 37 

DYUV< 0 
(0, 0) 



(0, 256) 



(x. y) 



(512, 256) 



(0, 0) 



(0, 256) 




DYUV = -2" 10 
(...111.111111111100) 
DYVO = 1 
DXUO = 1 



(512, 512) 



Test Image for Keystoning 

To use several parameters, we simply reverse the procedure 
given above, e.g., given a rectangular (x, yl input and wishing 
to create horizontally -curved (u, v) output (Figure 38): 




(256, 0) 



(0. 32) 



(512, 32) 



(0. 512) 



(x. y) 



(512, 512) 



(u, v) 



512. 512) 



DYUU = -2~ 10 
(111.1111 1111 1100) 

DYUO = 2~ 2 - 2" 11 
(0.0011 1111 1110 0000) 
DYVO = 1 
DXUO = 1 



We can assume a parabolic form: 

Y = Au 2 + Bu + V + C 

Substituting points, e.g.: 

Y - 32, (U, V) = (0, 32) 

Y = 32, (U, V) = (256, 0) 

Y = 512, (U, V) = (512, 512) 

Y = 512, (U, V) - (256, 480) 



One arrives at Y = 1/2048 U 2 + 1/4 U + V, which leads to 
the parameter assignment listed on Figure 38 
(DYUU = 21-1/2048); DYUO = -1/2048 + 1/4. 
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Test Image for Keystoning 

Producing a keystoning effect from an input rectangle requires 
some approximation. When we mapped from a (u, v) rectangle 
to an (x, y) keystoned image, the sides u = 0 and u = 120 
were constants and, thus, the equation 
X = a*U + b*U*V + c*V + d became a linear function in V. 
If, however, we try to achieve the following transformation in 
Figure 39: 



Figure 39 

(0.0) (512,0) (0.0) (512,0) 



(0, 512) 




If one wishes for more linear sides at the cost of some error 
at the corner points, one can use a balanced mapping as 
follows: 

XI21.333, 170.666) = 0 
XI42.666, 341.333) = 0 
XI490.666, 170.666) = 512 
XI469.333, 341.333) - 512 

The degree of curvature error improves for cases of milder 
keystoning and worsens for cases of more extreme keystoning. 
For example, in the transformation in Figure 41, a mapping of 
the four corners results in X = U - 1/30*V + 1/7680*U*V. 
Here the maximum curvature (again halfway down the output 
image) is only 0.26 pixels off from the ideal (linear) result. By 
contrast, if the keystoning extends to X = 128 and X = 384 
on the bottom of the output, the maximum error (with corner 
mapping) can be as high as 20 pixels. For cases such as this, 
it is certainly advisable to use a balanced mapping, choosing 
points 1/3 and 2/3 of the way down both sides, in order to 
reduce the curvature. 



we find that the X = a constant = a*U + b*U*V + c*V does 
not allow U or V to be expressed as a linear function of the 
other. Nevertheless, we can perform a 4-point mapping to 
achieve a good approximation, as follows: 

Mapping Points: 

X (0, 0) = 0 
X (512, 0) - 512 
X (64, 512) = 0 
X (448, 512) = 512 

Solving four simultaneous equations by substituting these points 
into X = AU + BV +CUV + D, we arrive at: 

A - DXUO - 1; B - DXV0 = 1/6; C - DXUV - 1/1536; D = X0 = 0 

The result is a mapping with ideal (exact) values at the test 
points (corners) but a slight curvature along the vertical sides 
of the output image. This curvature amounts to a maximum of 
4.6 pixels halfway between the top and bottom (see Figure 40). 



Figure 40 
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Figure 41 
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The TMC230Vs nonlinear terms can be put to use in a wide 
variety of application -specific ways. One can, e.g., flatten out 
curved surfaces by simply applying a pure second order term 
(with rotation, if necessary). The magnitude of the 
second -wder coefficient can be calculated by mapping points 
estimated from the size and location of the original image on 
the screen, as above. Similarly, one could flatten out an object, 
which is tilted away from the camera by mapping the four 
corner points. In cases like these, the coefficients have to be 
estimated and adjusted according to the particulars of camera 
angle and image location. 
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The TMC2302P5C Demonstration Board 



Introduction 

The Raytheon TMC2302P5C Demonstration Board is designed to demonstrate some of the image 
manipulations possible with the TMC2302 Image Manipulation Sequencer. The Demonstration Board 
stores a source image up to 512 x 512 eight-bit pixels. The TMC2302 addresses the source image 
elements in a manner determined by the type of manipulation being performed. Each addressed pixel 
proceeds through a color look-up table (TMC01 71 ) prior to display. The TMC01 71 Color Palette maps 
each of the 256 possible color values to the 262,1 44 displayable pixel locations. 

The TMC2302 can perform up to a third-order warp on the source image. The software for the 
Demonstration Board allows the user to individually edit the coefficients controlling the warp. The 
software can also generate coefficients based on mouse-driven parameters or pseudo-random 
sequences. 

The Demonstration Board performs a few of the large number of image manipulations possible with 
the TMC2302. The Demonstration Board performs only nearest neighbor resampling on two- 
dimensional images. When used with a multiplier-accumulator (Raytheon's TMC2208 and TMC2210) 
or a multiplier-array (Raytheon's TMC2246, TMC2249 or TMC2250) the TMC2302 is capable of 
convolutions and bi-linear and bi-cubic interpolations. These interpolations produce much smoother 
images (fewer aliased artifacts, jagged edges) than the nearest neighbor resampling performed by the 
Demonstration Board. 



Configurations 

the Demonstration Board and its software are designed to run on an IBM-compatible PC, XT, AT, 386 
or 486 personal computer. It will run in a PC bus-compatible slot, or from an IBM PC type parallel port. 
If a math coprocessor (8087, 80287, 80387 or the coprocessor section of an 80486) is present in the 
host computer, the supplied software will use it. If a math coprocessor is not found, the floating-point 
operations will be done by the host processor. This may cause the system to run more slowly than ti 
would if a math coprocessor was present. 
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Some of the demonstration software requires a three button mouse with MSmouse driver 
installed on the host computer. If the software can't find the driver or the mouse, it will indicate 
so and prevent those routines from executing. 

The amount of main system memory required for the demonstration program is about 150K 
bytes. 

There are two independent options for installation. The first option determines how the host PC 
communicates with the Demonstration Board. The second option determines how the monitor(s) 
are connected to the Demonstration Board and the host PC. 

Host Connection 

The Demonstration Board can be installed in a PC-compatible slot in the host computer, or 
run from a parallel port. The PC slot installation can be more convenient for long-term 
installations in one host computer. The parallel port installation does not require the PC 
case to be removed, but an additional cable and external power supply are required. 

A Demonstration Board installed in the host computer will use I/O ports 300-307h and 
31 0-31 7h. If any other devices in the system respond to these addresses, the board will 
not operate properly and system damage could result. Check the address ranges used by 
network or interface boards to ensure that there will be no conflict. 

If the Demonstration Board is to be operated from the parallel port of the host computer, 
then an adapter cable is needed to connect the parallel port to the dual-row header on the 
Demonstration Board. This adapter cable is not supplied with the board, but is readily 
available from computer supply companies. An external power supply (+5 Volts at 2 
Amperes) with a disk drive style power connector will be needed. The cable pin functions 
are shown in Section 4. 

The board may respond faster when installed on the host computer AT bus, but this may 
not be apparent in a 1 2 MHz AT or 386 system. 

Monitor Configurations 

A single VGA monitor may be shared between host computer display (text) and 
Demonstration Board display (image). A separate monitor (VGA or an RS-170 block sync 
monitor) can be used for the Demonstration Board display. 

If a single monitor is used, the VGA output from the host computer is routed through the 
Demonstration Board to the monitor. The Demonstration Board switches the monitor over 
to its output under software control. 

If separate monitors are used for the Demonstration Board output, the VGA pass-through 
cable is not used. The monitor for the Demonstration Board can be either a VGA type 
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multisync monitor or an RS-170 compatible color or monochrome monitor. The RS-170 
monitor must handle block sync, since no serration pulses are provided. 

Cables for connecting monitor(s) are not supplied with the Demonstration Board. For the 
RS-170 block-sync option the green video output should be used (connector pin function 
information is provided in Section 4). 

Board Installation 

If the board is installed in an internal slot in the host computer, the Demonstration Board edge- 
connector provides ail the signal and power required. The board can be installed in any free PC 
or AT bus slot. Plug the board in and tighten the bracket mount screw ensuring that the board is 
properly supported and that it cannot touch adjacent boards. The 26-pin parallel port header 
(marked "J3") and the four-pin power connector (marked "J4") must be disconnected while the 
Demonstration Board is installed in the host computer. 

If the board is operated outside of the host computer, the 26-pin dual-row connector on the 
Demonstration Board should be connected to a parallel port with an appropriate adapter cable. 
The dual-row header end of the cable connects to J3 with pin 1 closest to the "J3" marking. The 
other end of the adapter cable connects to a standard parallel I/O port. A 5 Volt D.C. regulated 
power supply capable of supplying 2 Amperes should be connected to J4. The pin functions for 
both cable connections are shown in Section 4. 

Monitor Installation 

If a single monitor is used, then the 15-pin hi-density end (three rows of pins) of the VGA input 
cable should be connected to the output connector on the host computer VGA card. The 15-pin 
Sub-D end (two rows of pins) is then connected to the Demonstration Board. 

If a VGA monitor is used (whether as a single monitor shared with the host or as an additional 
monitor to the host computer display), the monitor cable should connect to the 1 5-pin hi-density 
D connector on the Demonstration Board. For RS-170 operation, the monitor connects to the 15- 
pin hi-density D connector. 

Batch Demonstration Operation 

A simple batch program is provided that will run with any of the installation configurations. The 
disk marked "TRWDEMO" contains all the software needed to run the batch demonstration. 
Insert this disk in drive A: and type: A:DEMO to start the program, which will load an image and 
manipulate it. See Section 2.4 or Section 6.0 if the program does not execute. If the program is 
to run from a hard disk, use MKDIR to make a directory and copy the files to the hard disk 
directory. 
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Problems 

The demonstration program will display diagnostic messages when it starts. If the message 
"Demonstration Board not found" is displayed, the program was unable to locate the board on the 
PC bus or on a parallel port. If the Demonstration Board is installed in the PC bus, this error may 
be caused by another board at the same bus I/O addresses as the Demonstration Board. Some 
network and interface boards use the same addresses. Conflicting boards should be removed 
from the system. If the Demonstration Board is connected to a parallel port and is not found by 
the software, check the board power by observing the lit LED. If the LED is not illuminated, 
check the power supply voltage. Additionally, it may be necessary to check the adapter cable 
connections. 

Software 

The Demonstration Board is supplied with programs to manipulate images and perform 
diagnostic tests. The following programs are included: 

a. TRWDEMO.EXE - the main demonstration program 

b. TRWDIAG.EXE - the diagnostic program 

c. TRWOFF.EXE - a program to return the display to the VGA card 

d. TRWSRC.C - a sample C program to run the Demonstration Board 

e. DEMO. BAT - a batch file to run a short demo 

f. TRWSCRPT.TXT - the script that is piped to TRWDEMO by DEMO.BAT 
TRWDEMO 

This program executes the various demonstrations. When initialized, it searches for the 
Demonstration Board on the parallel ports starting at the highest addressed parallel port. 
After checking the parallel ports, the PC bus is examined for the presence of the 
Demonstration Board. The test of a parallel port will disrupt any current print job on that 
port. The automatic port search can be overridden, if necessary, with the command line 
option /p:# which causes the parallel port at base address # to be used (i.e. 
"trwdemo/p:378" uses the parallel port that starts at address 378h). The command line 
option A causes the program to only look for a Demonstration Board installed on the host 
computer bus. 

All other configuration options are automatically sensed. Configuration and debugging 
messages are displayed as the program starts to help isolate problems. 

There are four command line options. The /p and /i options were discussed above. The /s 
command line options causes the program to not wait for a key to be struck to stop the 
current sequence. This is useful for batch files, since the key wait routine will not see 
characters in the batch file. The /f option causes the program to use an optimized math 
coprocessor routine for some calculations. This results in faster execution, but requires 
the presence of a math coprocessor. This may be beneficial on slower machines that 
have a coprocessor installed such as an 80287 on a 286 system or an 8087 on an 8088 
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system. If the /f option is not specified, the program will automatically use the 
coprocessor, if present. If no coprocessor is found and the /f option is not specified, the 
host processor will do all computations. If the /f option is specified and no coprocessor is 
present, program operation is unpredictable. 

After the program has determined the configuration and location of the Demonstration 
Board, a list of available commands is displayed. A command is invoked by entering the 
command number followed by [cr]. The commands are: 

0 - Terminate 

This command causes the program to terminate and returns to C:>. 

1 - Load Image 

This command loads an image into the Demonstration Board source image 
memory. The program will ask for the file name of the image to load. The main 
demonstration program can load images into the Demonstration Board from 
several image formats. The extent on the image file name is used to determine 
the type of image being loaded. The following are supported: 

a. .GIF 'Graphics Interchange Format' is a trademark of CompuServe, 

Inc. 

b. PIC Mouse Systems PC Paint Picture File Format is limited to 4- and 

8-bit version 2.00 images. 

c. .MAP 768 bytes of lookup table information followed by a 51 2 x 51 2 

image. The format may change. 

d. .RGB 51 2 x 51 2 image data uses a lookup table that maps the top 3 bits 

to red, the next 3 bits to green, and the bottom two bits to blue. 

e. .BW 51 2 x 51 2 image data uses a lookup table that maps the values to 

a grey scale. 

2 - Edit Coefficients 

This command allows individual coefficients to be edited. More than one 
coefficient can be specified on a line. The [cr] key will switch the monitor back to 
allow editing of more coefficients. If no coefficients are entered, the [cr] key will 
return to the main menu. The values entered are floating point. Note that the 
higher order coefficients have dramatic effect and should be kept quite small. 
Also note that the target (screen) origin is at the beginning of the back porch 
(during blanking). For a Demonstration Board with 20 MHz clock displaying VGA, 
this means that pixels less than U = 40 or V = 33 will be blanked. A good starting 
command is "aO -100 bO -50 a1 1 b4 1" which sets X 0 (A 0 ) = -100, Y 0 (B 0 ) = -50, 
dX/dU(A 1 ) = 1 , and dY/dV(B 4 ) = 1 . 

3 - Rotate 

This command rotates the image 360 degrees in one degree increments. 
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4 - Warped Rotate 

This command executes a combined warped rotation. 

5, 6, 1 1 , 1 2, and 14- Various Random Warps 

These command selections cause the image to be warped under control of the 
host computer. Typing a key on the keyboard stops the warp at the end of the 
current pass. 

7 - Other 

This allows changing of options that affect the way the image wraps around at its 
edges. The submenu allows you to select one of the following: 

0 Clips to the image border. This is the default mode. 

1 Wraps the image around in all directions. 

2 Wraps the image around in quadrant 4, relative to the source image. 

3 Clear coefficients between commands. This is a default mode.. 

4 Do not clear coefficients between commands. This allows editing of 
coefficients created during other transformations. 

8 - Mouse Corner Warp 

The mouse is used for this control point warp that uses the four corners of the 
image as the control points. When no mouse buttons are depressed, the upper 
left corner of the source image is moved by moving the mouse. The left, middle 
and right buttons control the remaining three corners of the image. Pressing the 
left and right mouse buttons simultaneously returns to the main menu. 

9 - Mouse Rotate and Zoom 

The mouse controls rotation and scaling of the image. Moving the mouse while 
holding no buttons, one button or two buttons changes rotation and scaling 
parameters. Simultaneously pressing the left and right buttons returns to the main 
menu. 

10-MONG 

A paddle game. This uses vertical mouse motion to move the paddle up and 
down. 

13 - Spin Down 

This selection spins the source image while expanding it from a reduced size. 
The the image is reduced in size by clipping without minifying. 

TRWDIAG - Diagnostic Software 

TRWDIAG allows the Color Palette and image memory to be tested. This program has a 
menu similar to the one in TRWDEMO. Selecting the number for an option causes that 
test to be run. The image memory tests take quite a bit longer over the parallel port then 
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they do with the Demonstration Board installed on the host computer bus. The options 
are: 

0 - Quit 

This section terminates the program. 

1 - Parameter Select 

This allows changes to the parameters used by the tests. The check parameter 
allows only the writing of the pattern to memory, only checking a pattern that is 
already in memory, or both writing the pattern and checking the pattern. The 
pattern parameter controls the pattern used to check the memory. The triple 
pattern is good for address testing. The random pattern uses a polynomial based 
pseudo-random number generator. The H ramp and V ramp patterns produce an 
incrementing pattern across or down the source memory. The seed is used as a 
starting value for all tests. A value of zero should not be used with the random 
pattern. The offset controls the starting phase of the triple pattern. The count 
controls the number of times the test is run. A count greater than one causes the 
seed to be changed for each pass of a test. 

2 - Image RAM Test 

This selection tests the source image memory. 

3 - DAC Test 

This selection tests the image Color Palette memory in the TMC0171 . The mask 
is determined by initial testing when the program starts. If the DAC is determined 
to only be 6 bits, then only the lower six bits are checked. 

4 - DAC Mask Test 

This selection tests the mask register in the TMC01 71 . It tests 256 patterns for 
each count. If there are no errors encountered, the mask is restored to its initial 
value. 

5 - DAC Mask Set 

This selection shows the current value of the mask and allows a new value to be 
entered. If the mask is set to FFh and the Combo Test (selection 8) is run, the 
DAC RAM array will be tested for sensitivity to asynchronous pixel inputs. 

6 - Print RAM Region 

This selection allows a region of the image RAM to be displayed as hexadecimal 
numbers. 

7 - Print DAC Region 

This selection allows a region of the DAC Color Palette RAM to be displayed as 
hexadecimal numbers. 
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8 -Combo Test 

This option puts a triple pattern in the image RAM and a random pattern in the 
DAC and checks them. A triple pattern is then loaded in the DAC and a random 
pattern in the image RAM. These patterns are then checked and the mask is 
checked. 

9 - Clock 

This option makes a rough measurement of the frequency of the oscillator on the 
Demonstration Board. 

10 -Border Image 

This option writes a test image to image RAM and sets the TMC0171 . Use 
TRWDEMO to view the image. The left edge is red, the right edge is green, the 
top is blue, and the bottom edge is yellow. Inside this bounding box are some 
color check blocks. Since the box border is a single pixel wide, the aliasing in the 
nearest-neighbor sampling may cause a border not to appear when the image is 
minified. 

TRWOFF 

This program switches the system to the VGA display if it is chained through the 
Demonstration Board. This can be a useful program to run from the system 
AUTOEXEC.BAT file to ensure that the computer does not boot with the display switched 
to the Demonstration Board output. This program searches for a bus-installed card first. If 
it does not find the Demonstration Board on the bus, then the parallel ports are checked. 
To go directly to a Demonstration Board on a specific parallel port, the /p:# command line 
option can be given (similar to the TRWDEMO/p option). 

The Demonstration Board Hardware 

Memory Map 

The following table describes the memory locations for the registers that are used to 
control the Demonstration Board. These addresses are for a bus installed Demonstration 
Board. Other sections describe the translation used for addressing these registers from 
the parallel port. 
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Memory Map for 2302 Demonstration Board 



Address Type Function 



Bits 



300 



RD 



303 



RD 
WR 



Status Register 



Control Register 



0 - VFLAG 

1 - Monitor Select 0 

2 - Monitor Select 1 

3 - Monitor Select 2 

4 - VGA feedthrough 

5 - Relay 

6 - Collision 

7 - Control bit 7 





WR 


TMC2302 data lower byte 


301 


RD 






WR 


TMC2302 data higher byte 


302 


RD 


Vertical Clear 




WR 


TMC2302 Address 



0 - 2302 Init 

1 - Download 

2 - Download Write 

3 - Wrap Source 

4 - Reserved 

5 - Relay 

6 - Overlay Enable 

7 - Reserved 



304 


RD 


RAM data 




WR 


RAM data 


305 


RD 






WR 


RAM address YA<9..6> 


306 


RD 






WR 


RAM address XA<7..0> 


307 


RD 






WR 


RAM address YA<5..0>,XA9,CA8 



For More Information call 1-800-722-7074. 



Raytheon Semiconductor 



7-115 



TP-47B 



TMC0171 Color Palette Addresses 



Address 


Function 


310 


Write Mode Address Register 


311 


Palette Data 


312 


Mask 


313 


Read Mode Address Register 


314 


Write Mode Overlay Address* 


315 


Overlay Data* 


316 


Reserved 


317 


Read Mode Overlay Address* 



* the Overlay function is not present for TMC0171 Color Palette 
Control Register Functions 

The control register (Address 303h) sets the base mode for the Demonstration Board. 

2302 IN IT Setting and then clearing the 2302 INIT bit will initialize 

the TMC2302S. 

DOWNLOAD Setting the Download bit allows the image memory to be 

read. 

DOWNLOAD WRITE Setting both the Download and the Download Write bits 

allows the image memory to be written. 

WRAP SOURCE The Wrap Source bit causes the source image space to 

wrap around in both dimensions. 

RELAY When the Relay bit is cleared, the VGA input is passed 

through. When the Relay bit is set, the Demonstration 
Board image is passed through to the output connector. 

OVERLAY ENABLE The Overlay Enable bit enables a special mode that is 

used for MONG. In this mode the TMC2302 TVAL 
signals are used to set an overlay, instead of controlling 
the blanking region at the edge of the screen. 

The TMC2302 control registers are set by writing the desired address in the TMC2302 
Address register. Next, the lower byte of the TMC2302 data is written to the TMC2302 
Data Low Byte register. Finally, the higher byte is written to the TMC2302 Data High Byte 
register. Writing the high byte causes the data to be written to the selected TMC2302. Bit 
7 of the TMC2302 Address register selects the X-coordinate TMC2302 when LOW, and 
the Y-coordinate TMC2302 when HIGH. The TMC2302 addresses are use coefficient bit 
32 as the bottom bit of the X and Y image address. The sub-pixel bits below bit 32 are 
ignored and the bits above bit 40 (for a 512 squared source space) are also ignored. 

The image RAM is written by setting the Download and Download Write bits in the control 
register, the desired address is set in the three RAM address registers, and the data is 
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written to the RAM Data register. To read the image RAM, set the Download bit in the 
control register. Then, set the desired address in the three RAM address registers. 
Finally, read the data from the RAM Data register. The TMC0171 Color Palette mask 
should be cleared prior to setting the Download bit. The mask should only be set back to 
3Fh after the Download bit cleared. 

Status Register Functions 

The status register (Address 300h) reads back status from the Demonstration Board. 

VFLAG VFLAG is active if a vertical blanking interval has come 

along since the last time VFLAG was cleared. VFLAG 
is cleared by reading the Vert Clear location. 

MONITOR SELECTS The Monitor Select bits (0, 1 , 2) reflect the state of the 

Monitor Select bits coming back from the VGA monitor. 

VGA FEEDTHROUGH The VGA Feedthrough bit is LOW if the VGA chaining 

cable is connected from the Demonstration Board to a 
VGA card. Otherwise this bit is HIGH. 

RELAY The Relay bit reflects the status of the elay bit in the 

Control register. 

COLLISION The Collision bit indicates that the image and the 

overlay were coincident when in Overlay Enable mode. 
This bit is cleared by reading the Vert Clear location. 
Status bit 7 reflects the state of bit 7 in the Control 
register. 

Parallel Port Access 

To access a Demonstration Board on a parallel port, bit 2 of the parallel port control 
register must be set LOW. The parallel port uses an additional register on the 
Demonstration Board. This register is loaded by outputting the data on the parallel port 
data register and taking bit 3 of the parallel port control register HIGH and then LOW. The 
bottom five bits of this additional Demonstration Board register are the same as the bottom 
five address bits when the board is installed in the system bus. Bit 5 should be left LOW. 
If bit 6 is taken from a LOW to a HIGH, the readback shift register is loaded. 

The parallel port control bit 0 is taken HIGH for a read to the Demonstration Board. The 
readback data is read one bit at a time on bit 7 of the parallel port status register. The 
readback data starts with the last significant bit, and is advanced to the next bit by taking 
bit 3 of the parallel port control register HIGH and then LOW. Since this will also load the 
additional register described above, bit 6 on the parallel port output data should be kept 
HIGH to keep from reloading the readback shift register. The parallel port inverts the 
readback data. The parallel port control bit 1 is taken HIGH for a write to the 
Demonstration Board. 



For More Information call 1-800-722-7074. 



Raytheon Semiconductor 



7-117 



TP-47B 



Connector Pin Functions 

This section gives the pin functions for the VGA output connector, the VGA chaining input 
connector, the PC slot edge connector, the parallel port connector, the auxiliary power 
connector, and the two signal probe headers. 



Hi-Density VGA Output Connector (J1) Pinout 



Pin Signal 


Pin 


Signal 


Pin 


Signal 


1 Red 


6 


Ground 


11 


Monitor Select 0 


2 Green 


7 


Ground 


12 


Monitor Select 1 


3 Blue 


8 


Ground 


13 


Horizontal Sync 


4 Monitor Select 2 


9 


SP1 


14 


Vertical Sync 


5 Ground 


10 


Ground 


15 


SP2 
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VGA Chaining Input Connector (J2) 



Pin 


Signal Pin 


Signal 


1 


Red 9 


SP1 


2 


Green 10 


VGA Sense 


3 


Blue 11 


Monitor Select 0 


4 


Monitor Select 2 12 


Monitor Select 1 


5 


Ground 13 


Horizontal Sync 


6 


Ground 14 


Vertical Sync 


7 


Ground 15 


SP2 


8 


Ground 





PC Slot Connector 



Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


A1 


NC 


A16 


NC 


B1 


Ground 


B16 


NC 


A2 


D(7) 


A17 


NC 


B2 


Reset 


B17 


NC 


A3 


D(6) 


A18 


NC 


B3 


+5 Volts 


B18 


NC 


A4 


D(5) 


A19 


NC 


B4 


NC 


B19 


NC 


A5 


D(4) 


A20 


NC 


B5 


NC 


B20 


NC 


A6 


D(3) 


A21 


NC 


B6 


IRQ2 


B21 


NC 


A7 


D(2) 


A22 


A(9) 


B7 


NC 


B22 


NC 


A8 


D(1) 


A23 


A(8) 


B8 


NC 


B23 


IRQ5 


A9 


D(0) 


A24 


A(7) 


B9 


NC 


B24 


IRQ4 


A10 


NC 


A25 


A(6) 


B10 


Ground 


B25 


IRQ3 


A11 


AEN 


A26 


A(5) 


B11 


NC 


B26 


NC 


A12 


NC 


A27 


A(4) 


B12 


NC 


B27 


NC 


A13 


NC 


A28 


A(3) 


B13 


IOW 


B28 


NC 


A14 


NC 


A29 


A(2) 


B14 


IOR 


B29 


+5 Volts 


A15 


NC 


A30 


A(1) 


B15 


NC 


B30 


NC 






A31 


A(0) 






B31 


Ground 
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Parallel Port Adapter Cable 



11 Pin 

uO rill 


r di dlld 
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rui i riii 


oiyiidi 


IIqp 
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Ivfl 
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c. 






UaXa. 


c 


o 
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D(1) 


Data 


7 


*f 




D(2) 


Data 


Q 


c 
O 


rvi\ 


D(3) 


Data 


I I 


D 


rv/i\ 


D(4) 


Data 


I o 


7 


rv*;\ 
U(o) 


D(5) 


Data 


1 r 


o 
O 




D(6) 


Data 


i 7 


Q 


U(/) 


D(7) 


Data 


1 Q 

i y 


I u 


MCK 


VGA Sense 


Status Bit 6 




i i 


Busy 


ReadbackData Status Bit 7 


CO 




P PnH 

r.cna 


VFLAG 


Status Bit 5 


cLsJ 


1 1 
1 o 






Status Bit 4 


9 
c. 


1 4 
i *t 


MUIU rccU 


IOW 


Control Bit 1 


A 
t 


1 R 


Frrnr 
l_l 1 ui 




Status Bit 3 


a 
o 


1fi 


Init Prt 
iiiii ill 


Enable 


Control Bit 2 


ft 


17 


Qplprt In 


Control Strobe 


Status Bit 3 


in 


1ft 
I o 


V3I UUlIU 


Ground 




12 


19 


Ground 


Ground 




14 


20 


Ground 


Ground 




16 


21 


Ground 


Ground 




18 


22 


Ground 


Ground 




20 


23 


Ground 


Ground 




22 


24 


Ground 


Ground 




24 


25 


Ground 


Ground 




26 
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Auxiliary Power Connector (J4) 
Pin Signal 



1 
2 
3 
4 



No Connect 
Ground 
Ground 
+5 Volts 



X Probe Connector (X-coordinate TMC2302 Signals) 



Pin 


Signal 


Pin 


Signal 


1 


Ground 


2 


Ground 


3 


TVAL 


4 


ENDD 


5 


TADR(3) 


6 


DONE 


7 


TADR(O) 


8 


TADR(2) 


9 


KADR(O) 


10 


TADR(1) 


11 


TWR 


12 


KADR(1) 


13 


KADR(2) 


14 


KADR(3) 


15 


SADR(2) 


16 


SADR(O) 


17 


SADR(3) 


18 


SADR(1) 


19 


ACC 


20 


SVAL 


! Connector (Y-coordinate TMC2302 Sigi 


Pin 


Signal 


Pin 


Signal 


1 


SYNC (pulled up) 2 


Ground 


3 


NOOP (pulled up) 4 


CLK 


5 


TVAL 


6 


ENDD 


7 


TADR(3) 


8 


TADR(2) 


9 


TADR(O) 


10 


TADR(1) 


11 


SADR(2) 


12 


SADR(O) 


13 


SADR(3) 


14 


SADR(1) 


15 


Ground 


16 


SVAL 
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Jumpers 

The table below shows the jumper positions for a 51 2 x 51 2 source space. The board should be 
positioned so that the bracket is towards the right. The jumper on W1 is vertical (up means 
connect the middle and top pins with the jumper plug). The remaining jumpers are horizontal (up 
means connect the top two pins together with a jumper plug). 



Jumper Positions 



Jumper Position Jumper Position 



W1 
W3 
W5 
W7 
W9 
W11 



Up 

Middle 

Up 

Up 

Down 
Left 



W2 
W4 
W6 
W8 
W10 



Middle 

Up 

Up 

Down 

None 



Hardware Description 



The TMC2302 integrated circuits are designed to provide the capability to rapidly manipulate 
images. The TMC2302P5C Demonstration Board allows the user to become familiar with the 
types of manipulations possible with the TMC2302. It also provides test points for examining the 
timing and control sequencing of the TMC2302. 

The board has three major blocks. The first of these is the warp address generator, which 
consists of two TMC2302S (identified in the block diagram as the X TMC2302 and Y TMC2302). 
The TMC2302s operate at video rate and generate the address sequences for the manipulation 
being performed. The second major block is the Image RAM where the source image is stored. 
The TMC0171 Color Palette is the third major block. It converts the digital pixel values from the 
Image RAM into red, green,and blue signal levels for display on a video monitor. 

The warp address generator provides X and Y addresses to the Image RAM. The TMC2302 
generate these addresses at video rate, and generate most of the video timing information as 
well. The Target Valid (TVAL*) signals from the X and Y TMC2302s are used for video sync and 
blanking, respectively. The TMC2302s operate continuously and the target windows are set up 
to provide the appropriate Target Valid timing. The X and Y addresses index the appropriate 
pixel for the location currently being refreshed on the video display. 



The Image RAM provides the appropriate pixel value for the address being indexed. This RAM is 
static and operates at the video pixel rate. The TMC0171 Color Palette uses the pixel data to 
address it's on-chip RAM (color look-up table or color palette). The color palette provides the 
red, green, and blue values for the pixel being refreshed. These levels are sent to the video 
monitor. 
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Hardware Interface 

The Demonstration Board supports operation in a personal computer card slot or from a PC- 
compatible parallel port. When the board is operated from a parallel port, the port signals are 
converted to the same signals that would be generated from an internal PC card slot. The 
parallel port decode register holds the value that is used to simulate the lower bits of the address 
that would normally come from the PC bus. The ENABLE signal is HIGH to enable PC bus 
operation, and LOW for parallel port operation. When using the parallel port, ENABLE tells the 
decode logic to ignore the upper address bits. Reading back from the parallel port involves 
loading the Readback Shift Register with a data byte and then shifting the data to a parallel port 
status line, one bit at a time. 

The Video Out signals come from either the TMC0171 Color Palette or the VGA Video In 
connector. If a single display is shared between the Demonstration Board and a VGA display 
board, then the Video Source Relays switch the two sources to the monitor. 

Downloading 

Each of the major functional blocks contains data that must be downloaded. These are the 
coefficients for the address generators, the source image for the Image RAM, and the color 
palette RAM data for the TMC01 71 . The TMC2302s and TMC01 71 can be loaded at any time. 
The Image RAM must be switched into a special download mode. The TMC2302s do not allow 
readback of coefficients. The Image RAM and TMC01 71 both allow their data to be read. The 
download mode (with one variation) is used to upload the Image RAM. When downloading (or 
uploading) the decode logic converts the PC bus address into a strobe for the section of board 
being addressed. These strobes are used to load data into RAMs or registers, or to enable data 
out of RAM or the Status Buffer. The Data Bus Transceiver isolates the heavy loading of the 
local data bus from the PC data bus. 

When downloading, the TMC2302 Address Register and TMC2302 Low Data Register must be 
loaded before sending the high byte data. Writing the high byte causes the transfer of the high 
and low data to the address contained in the TMC2302 Address Register. 

Downloading (or uploading) to (or from) the Image RAM is more complex. The Control Register 
download bit (bit 1 : referred to as "Download" in the Demonstration Board instructions but named 
"DNLOAD" on the schematic drawings)s) must be set. This control bit changes the source of the 
Image RAM X and Y address from the TMC2302s to the RAM Address Registers. To enable 
write data to the Image RAM and to disable the Image RAM output buffers, another Control 
Register bit ("Download Write" in the instructions and "DNWR" in the schematic drawings) must 
be set. After these control bits have been set, the desired X and Y Image RAM address must be 
written to the RAM Address Registers. Then the image data byte can be read or written. 
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Programmable Array Logic 

There are two Programmable Array Logic (PAL) devices on the TMC2302P5C Demonstration 
Board. One is used exclusively for decoding the addresses used to access the board. The other 
handles a potpourri of video functions. 

The Decode Logic consists of the decode PAL and a decoder IC. The decode PAL generates all 
the read strobes and just the write strobes for the decoder IC and the TMC01 71 . The decoder IC 
decodes the individual write strobes for the registers and the Image RAM. All of the decode 
signals are asynchronous. The decode PAL uses different equations for PC bus and parallel port 
operation. The ENABLE signal (abbreviated ENAB in the PAL code) is HIGH for bus operation 
and LOW for parallel port operation. It changes the decode from using PC bus address lines A9- 
AO to using the Parallel Port Decode Register lines A4, A2, A1 and AO. PWR and PRD are the 
TMC0171 write and read strobes. MORE is the enable to the decode IC to further decode a 
write operation. RAMDAT is a decode for either reads or writes to the Image RAM. For an 
Image RAM write operation, both RAMDAT and MORE will be active. STATUS is a read decode 
to the Status Buffer. DEN enables the Data Bus Transceiver, and is active for PC bus reads to 
any of the Demonstration Board, for PC bus writes, for parallel port writes, or for cases where the 
bus is quiescent (to keep the local data bus quiet by preventing it from floating for long periods). 

The Video Timing PAL generates some of the video monitor control signals and two status flags. 
BLANK is the blanking signal to the monitor. The equations define the inactive state of BLANK, 
which means they define the active video display region (BLANK is the compliment of active 
display for each individual dot clock interval). For operation without either overlays or source 
image wrapping (normal mode), the pixels of the warped image are displayed if the source X and 
Y pixels were valid and the Y TMC2302 target region is valid. The Target Valid (TVAL) signal 
from the Y TMC2302 defines the normal active display region for the monitor. When source 
image wrapping is enabled, the SVAL X and Y signals are not used to clip the displayed area to 
the source image bounds. This causes the source image to wrap around to fill the entire 
displayable area of the screen. In overlay mode (used for MONG), the source image is always 
assumed to be in a displayable screen area. SVAL X and Y determine the displayable area for 
the source image. TVAL Y (abbreviated TVY in the PAL source) determines the overlay region 
independently from the source image region. The OLO signal is activated for overlay region (not 
supported by the 
TMC0171.) 

For VGA display operation, VCNT1 , VCNT2, and VSYNC generate a two line sync interval. 
Horizontal sync comes from the TVAL X signal. For RS-1 70 block sync, the TVAL X region is 
programmed to generate composite sync. 

The Video Timing PAL also generates two flags that are available through the status buffer. 
VFLG is set when the X TMC2302 is done with the video display refresh sequence. Both 
TMC2302s continue refreshing the screen using the coefficients in their respective control 
parameter preload buffers. VFLG indicates to software that there is a vertical interval available to 
change the contents of the control parameter preload buffers before the new coefficient set is 
used. VFLG is cleared by writing to the decode location that generates the VCLR strobe. The 
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COLL flag is used only in overlay mode (for MONG). It indicates that the source image region 
(defined by SVAL X and Y) and the overlay region (defined by TVY) are at least partially 
coincident on the screen. This is used by MONG to determine when the image hits the paddle. 
Seasoned MONG players will note that it is possible for the image to take a quantum jump 
through the paddle without a hit being detected. COLL is cleared the same way VFLG is cleared. 

Each TMC2302 generates an independent target region valid signal (TVAL). Sync generally is 
the compliment of the TVAL signal from the X TMC2302, while blank generally comes from the 
compliment of the TVAL signal from the Y TMC2302. Blank is also used to blank the screen 
beyond the edge of the source image. 
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Listing for Decode PAL 



MODULE trw2 

TITLE TRW TMC2302P5C Decode PAL, 8-bit version' 
trwul device 'P20L8'; 



A9,A8,A7,A6 S A5,A4,A3,A2,A1 ,A0 
AEN,!IOW,!IOR pin 14,2,1; 

ENAB pin 20; 

DNWR pin 23; 

!MORE,!PWR,!PRD,!RAMDAT pin 16,22,15,21; 
!DEN,!VCLR,!STATUS pin 19,18,17; 

HADDR=[A9,A8,A7,A6,A5,A4,A3,.x.,.x.,.x.]; 
ADDR = [A9,A8,A7,A6,A5,A4,A3,A2,A1,A0]; 
PADDR *=[A4,.x.,A2,A1 ,A0]; 
@ radix 16; 



pin 13,11,10,9,8,7,6,5,4,3; 

"PC bus control lines 

"high for PC bus, low for parallel port 

operation 

"status bit, active for image download writes 

"decode outputs 

" more decode outputs 

"PC bus high address 
"PC bus address 
"Parallel port address 



EQUATIONS 
PWR = 



PRD = 



MORE = 



(HADDR == 310) & !AEN & IOW & ENAB 

# A4 & !AEN & IOW & IENAB; 
(HADDR == 310) & !AEN & IOR & ENAB 

# A4 & !AEN & IOR & IENAB; 
(HADDR == 300) & !AEN & IOW & ENAB 

# !A4 & !AEN & IOW & IENAB; 
RAMDAT =(ADDR == 304) & IOR & IDNWR & !AEN & ENAB "Image RAM Read 

# (ADDR == 304) & IOW & DNWR & !AEN & ENABImage RAM Write 

# (PADDR == 4) & IOR & IDNWR & !AEN & lENABparallel port Read 

# (PADDR == 4) & IOW & DNWR & !AEN & lENABparallel port Write 



"310-317 Write 
"parallel port Write 
"310-317 Read 
"parallel port Read 
"300 - 307 Write to 2nd decode 
"parallel port Write 



VCLR = (ADDR == 302) & IOR & !AEN & ENAB 

# (PADDR == 2) & IOR & !AEN & IENAB; 
STATUS =(ADDR == 300) & IOR & !AEN & ENAB 

# (PADDR == 0) & IOR & IAEN & IENAB; 
DEN = (HADDR == 300) & IOR & !AEN & ENAB 

# (HADDR == 310) & IOR & !AEN & ENAB 

# IOW & !IOR 



#AEN&!IOR; 



"Read to 302 clears the Vert Flag 

"parallel port Read 

"Read to 300 returns status 

"parallel port Read 

"Enable data to PC bus 

"Enable RAMDAC data to PC bus 

"IOR inactive term to prevent 

parallel port fight 

"default - enable bus to prevent 

float 



END trw2 
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Listing for Sync PAL 

MODULE trwl FLAG '-r2' 

TITLE TRW TMC2302P5C Sync PAL' 

trw2 device 'P20R6'; 



CA K 


pin 1; 


"Video dot clock 


!0E 


pin 1 3; "Output enable 


ISVALX 


nin 0' 
pin 


"Qm i ivq Imano AHHrocc \/aliH in Y Himoncinn 
OUUlUC IllldyU nUUIcoo VdllU III A vJII 1 IWI lolUl 1 


JO V AAL. I 


pill o, 


"Snurpp Imanp Aririrp<5Q X/aliH in Y riimpn^inn 


ITVY 

: 1 V I 


nin 4* 


"Tflrnpt AriHrPQQ Vflliri frnm Y 2*309 /inriip^tPQ ppti\/P M x/iripn Qprppn 

1 CXI ^Cl / VVJVJI v7oO V ClIIU IIV^III 1 LUUL yll IVJIoCllv7o CUsllVC? Owl 1 1 






rpninn Tx/ptqiiq htankinn rpninnl\ 

IC^IUM [VCIdlid UlClllrMliy IC^IUIIJy 


WRAPSRC 

ill \Jt ivy 


Din 5" 


"Wrap the source image by ignoring SVALX and SVALY 


XDONF 


pin 6; 


"Done from X 2302 - sets VFLG 


INIT 


pin 7; 


"Init from control register 


ENDDX 


pin 8; 


"ENDD from X 2302, pulses during H-sync 


ENDDY 


pin 9; 


"ENDD from Y 2302, active for last line 


!VCLR 


pin 10 


"Vertical Flag Clear 


OVLMODE 


pin 11 


"Overlay Mode bit from Control Register 


!BLANK 


pin 1 5 


"Video Blanking signal 


VFLG 


pin 16 


"Vertical Flag to status register 


IVCNT2 


pin 17 


"Counter bit 2 for VGA vertical sync 


IVCNT1 


pin 18 


"Counter bit 1 for VGA vertical sync 


INITD 


pin 19 


"Resynchronized Init to 2302's 


COLL 


pin 20 


"Collision Flag to status reister (for Overlay Mode) 


VSYNC 


pin 21 


"VGA Vertical Sync 


OLO 


pin 22 


"Overlay bit 0 to DAC 



EQUATIONS 

IBLANK = SVALX & SVALY & TVY 

# WRAPSRC & TVY 

# OVLMODE & SVALX & 

# OVLMODE & TVY; 
VCNT1 := ENDDY 

# VCNT1 & ENDDX; 
VCNT2 := VCNT1 & ENDDX; 
OL0= TVY & OVLMODE; 
COLL := TVY & SVALX & SVALY 

# COLL & IVCLR; 
INITD := INIT; 

IVSYNC :=VCNT1 # VCNT2; 
VFLG := XDONE & IVCLR 



ENDtrwl; 



# VFLG & IVCLR; 



"don't blank when source valid (& on screen) 
"don't blank when Wrap Source mode set 
SVALY "don't blank source when in overlay mode 
"don't blank for overlay region 
"start VGA Vertical sync 
"and hold for next horizontal line 
"hold Vertical sync for all of second line 
"in overlay mode, TVY indicates the overlay region 
"set overlay mode collision - image & overlay hit 
"hold collision until Vertical Clear command 
"synchronize INIT into 2302's 
"VGA Vertical sync 

"set Vertical Flag - end of 2302 screen refresh 
sequence 

"hold Vertical Flag until Vertical Clear command 
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TMC2242 Topics: 

I. Operation with 8-bit I/O 

II. Comparing with analog anti-aliasing 
filters 

III. 3dB Better SNR Through 
Oversampling 



The TMC2242 is a video-speed half-band anti- 
aliasing digital filter. It accepts 12-bit parallel input 
data and delivers 16 bits of parallel data. Its 
decimation mode is particularly useful for filtering 
data from analog-to-digital (A/D) converters, while 
its interpolation mode filters data prior to digital-to- 
analog (D/A) conversion. The TMC2242 greatly 



simplifies analog pre- or post-filters. In decimation 
mode, the output data rate is 1/2 the input data 
rate. In interpolation mode, the output data rate is 
twice the input data rate. The TMC2242's third 
mode, 1:1 filtering, is used for general purpose 
fixed-coefficient digital filtering. 



Figure 1 . Connecting the TMC2242 for 8-blt 2's complement format. 
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There are many possible connection methods (bit 
weight assignments) for applications where fewer 
than the full 12 input bits are used. Recommended 
connections for 8-bit applications are shown in 
Figures 1 through 12. For higher resolution inputs, 
expand data input and output connections in the 
direction of the LSBs, keeping MSB connections as 
shown. 

Internal Limiting 

The TMC2242's limiter restricts its output 
magnitude to 7FFF h (most positive) and 8000 h 
(most negative) in two's complement output format 
(TCO = HIGH). In unsigned magnitude output 
format (TGO = LOW), the output magnitude is 
limited to 0000 h (most positive) and FFFF h (most 
negative). This limiting is not performed in the 
interpolation mode where the "gain" of the 
TMC2242 is approximately 0.5. In low input 
resolution applications (<12 bits), the full output 
range of the TMC2242 is not used and the on-chip 
limiting may not be effective. 

Prevention of Overflow and Underflow 

Sharp-cutoff analog and digital filters may exhibit 



minor overshoot and undershoot when driven with 
sharp step inputs. The output excursions of these 
filters will be greater than the peak-to-peak input 
signal excursion for full-scale input step transitions. 
Whereas analog filters usually have ample signal 
headroom for overshoot and undershoot transients, 
digital filters have a limited and well-defined output 
range and may clip when asked to filter full-scale 
input transients. The TMC2242 provides the extra 
output word width (16 bits) required to 
accommodate this potential signal growth. 

If sharp, full-scale input transitions are anticipated, 
and the system cannot accommodate the extra 
dynamic range provided by the TMC2242 (as 
applied in an 8-bit system, for instance) then the 
input range should be limited slightly to prevent 
undesired overflow and underflow. 

Tables 2 suggests input value limits for this kind of 
application. It applies for all input and output 
formats, however attention must be paid to the 
difference between the bit assignments of the 
TMC2242 and bit weighting of the system. The 
actual limiting values required in any particular 
application will vary according to the nature of 
expected signals and system configuration. 



Table 1. Effect of on-chip limiting In 8-blt applications 



Input 
Figure Format 



Mode 



Output 
Format 



Is on-chip 

limiting 

effective? 



1 


2's comp 


decimate 


2's comp 


yes 


2 


2's comp 


1:1 filter 


2's comp 


yes 


3 


2's comp 


interpolate 


2's comp 


no 


3a 


2's comp 


interpolate 


inv 2's comp 


no 


4 


2's comp 


decimate 


inv uns mag 


yes 


5 


2*s comp 


1:1 filter 


inv uns mag 


yes 


6 


2's comp 


interpolate 


inv uns mag 


no 


7 


uns mag 


decimate 


uns mag 


no 


8 


uns mag 


1:1 filter 


uns mag 


no 


9 


uns mag 


interpolate 


uns mag 


no 


10 


uns mag 


decimate 


inv uns mag 


no 


11 


uns mag 


1:1 filter 


inv uns mag 


no 


12 


uns mag 


interpolate 


inv uns mag 


no 
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Table 2. Suggested limits for 12-bit formats 



S'l 1-0 ,jmit va,ues Sl 11 . 0 limit values 

for unsigned magnitude for 2's complement 
Mode Min Max Min Max 



decimate 8F8 h 709 n 
1:1 filter 8F8 h 70% 
interpolate 9B7 h 648 h 

If less than 12 bits of input data are used in 
applications involving fast full-scale transitions, the 
input value must remain within these values. Table 
3 suggests limiting values for 8-bit input data 
connected to Sl^ for two's complement format 
(Figures 1 through 6) and connected to Sl 10 _ 3 for 
unsigned magnitude format (Figures 7 through 12). 
Unless shown otherwise, unused input pins are 



07A h 783 h 
07A h 783 h 
0DC h 723 h 

connected to ground. Note that the connection of 
system data to SI^.q depends upon the 
application, mode, and particular data format used. 

In Figures 3, 3a, 7, 8, 9, 10, 1 1 and 12, the unused 
MSBs of the TMC2242 (S0 15 and, in some cases, 
S0 14 ) may be used to indicate out-of-range 
conditions. 



Table 3. Suggested input limits for 8-bit applications having sharp step inputs 

Limit values 

Input Output for 8-bit data 

Figure Format Mode Format Min Max 



1 


2's comp 


decimate 


2's comp 


8F h 


70 h 


2 


2's comp 


1:1 filter 


2's comp 


8F h 


70 h 


3 


2's comp 


interpolate 


2's comp 


9B h 


64 h 


3a 


2's comp 


interpolate 


inv 2's comp 


9B h 


64 h 


4 


2's comp 


decimate 


inv uns mag 


8F h 


70 h 


5 


2's comp 


1:1 filter 


inv uns mag 






6 


2's comp 


interpolate 


inv uns mag 


9B h 


64 h 


7 


uns mag 


decimate 


uns mag 


10 h 


EF h 


8 


uns mag 


1:1 filter 


uns mag 






9 


uns mag 


interpolate 


uns mag 


1B h 


E4 h 


10 


uns mag 


decimate 


inv uns mag 


10 h 


EF h 


11 


uns mag 


1:1 filter 


inv uns mag 


10h 


EF h 


12 


uns mag 


interpolate 


inv uns mag 


1B h 


E4 h 
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Full-Scale Sine wave Inputs 

Filter coefficients were chosen to give an optimum 
filter shape, but yield a gain slightly above unity for 
1 :1 filtering and decimation, and 0.5 for 
interpolation. This extra gain is less than 0.03dB 
worst case. If pure full-scale sinewaves are 
expected, the input level will need to be reduced 
slightly. A gain of 0.03dB corresponds to three 
additional LSB-weights referred to full-scale in a 
12-bit system, less than one LSB in a 10-bit 
system, and less than 1/4 LSB in an 8-bit system. 
In 8-bit applications the 0.03dB gain is therefore 
usually ignored. This additional gain contributes no 
linearity error or distortion, and the full input range 
may be used without fear of undershoot or 
overshoot. 

Rounding 

The TMC2242 has internal rounding circuitry which 
allows the output to be rounded to any of eight 



selectable precisions. Rounding is accomplished 
by adding an offset of 1/2 LSB to the digital result 
and then truncating. The RND 2 _o inputs select 
which of SO 0 _ 7 is the system LSB. Setting RND 2 _o 
= 111 selects S0 7 , and RND 2 . 0 = 000 selects SO 0 . 
If SO x is the system LSB, then set RND 2 _o = x. 
These selections apply to Figures 3, 3a, 6, 7, 8, 9, 
10, 11 and 12. 

Figures 1 , 2, 4, and 5 use S0 8 as the LSB. 
Additional offset is required for correct rounding in 
applications where one of S0 15 . 8 is the LSB. in 
this case, an input is tied HIGH to add the 
additional offset that, when combined with the 
selected rounding bits of the TMC2242, results in a 
total offset of 1/2 LSB. In Figures 1 , 2, 3, and 5, 
the internal rounding adds 1/4 LSB and input Sl 2 is 
tied HIGH to add another 1/4 LSB for a total of 1/2 
LSB, all referred to S0 8 . It is less correct to set 
input bit Sl 3 HIGH to provide all of the required 1/2 
LSB because setting RND 2 ^ = 000 selects SO 0 as 
the LSB which will add an additional undesired 
1/512 LSB offset. 



Figure 2. 



Figure 3. 
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Figure 3a. 



Figure 4. 
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11 



MSB/SIGN MSB/SIGN 



8-BIT 
k OUTPUT 
' TO 
SYSTEM 



LSB 

H-NC 
l^NC 
li-NC 
1Z-NC 
l^NC 
Ji-NC 

*Lhc 

21-NC 



22 



23 24 



8-BIT 
INPUT y 
FROM s 
SYSTEM 



LSB 



:ikn 



44 



sin 

M 10 
Sl 9 

Sl 8 
Sl 7 

% 



SO15 
S0 14 
S0 13 

so 12 

S011 

so 10 



SI5 TMC2242 SO9 



S0 8 
SO7 

so 6 
so 5 
so 4 
so 3 
so 2 
so 1 

TCO S °0 
RND 2 RND-j RND 0 
I2I 23l 24l 



Sl 4 
Sl 3 
Sl 2 
Mi 
Sl 0 

DEC 
INT 



MSB/SIGN 

5 NC 



8-BIT 

OUTPUT 
>TO 
' SYSTEM 



LSB 



10 
14 

3S-MC 

^L-NC 



NC 
NC 
NC 
NC 
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MSB/SIGN 



8-BIT 
INPUT 
FROM 
SYSTEM 



40 



+5V 



LSB 



33 



32 



31 



30 



"27 



26 



25 



r 44 



Figure 7. 

Sin S0 15 

so 14 

JlO so 13 
f so 12 

f s °11 

jjj* TMC2242 S0 9 

so 8 



% 
Sl 4 

Sl 3 
Sl 2 
Slj 

si 0 

DEC 

ifif 

TCO 



S0y 
so 6 
so 5 
S0 4 
so 3 
so 2 
so 1 
so 0 



RND 2 RND-j RNDq 



NC 1 

JLq MSB/SIGN 
6 



8-BIT 

OUTPUT 

TO 

SYSTEM 



LSB 

NC 
NC 
NC 
NC 
NC 
NC 
NC 



22 23 24 



40. 



MSB/SIGN 



8-BIT 
INPUT / 
FROM s 
SYSTEM 



LSB 



26 



25 



44 



Figure 8. 

SHo 
Sl 9 

si 8 

Sl 7 

Slfi TMC2242 

SI5 

Sl 4 

Sl 3 

SI 2 

Slj 

SIq_ 

DEC 

INT 

TCO 
RND 2 RND-j 



SO15 
S0 14 

so 13 
so 12 

S011 

so 10 
S0g 
so 8 

SOy 

so 6 
so 5 
so 4 
so 3 
so 2 
so 1 
so 0 

RND 0 



22 



23 



24 



NC 1 

MSB/SIGN 



8-BIT 

OUTPUT 

TO 

SYSTEM 



LSB 
NC 



fli-NC 
H-NC 
ii-NC 
15- NC 
NC 
2L-NC 



2242.8.APP 



Note: 1. HIGH during overflow or underflow. 



Note: 1 . HIGH during overflow or underflow. 



Figure 9. 



Figure 10. 



MSB/SIGN 



8-BIT 
INPUT y 
FROM S 
SYSTEM 



40. 



+5V 



LSB 



25 



44 



TMC2242 



Sl lt 

Sho 
Slg 

% 
Sl 7 

Sl 6 
Sl 4 

Sl 3 

Sl 2 

sh 

S|o_ 
DEC 
INT 

TCO 

RND 2 RND-j RNDq 



so 15 

S0 14 
S0 13 

so 12 

S011 

so 10 
so 9 
so 8 

SOy 

so 6 
so 5 
so 4 
so 3 
so 2 
so 1 
so 0 



22 j 23 1 24^ 



4— NC 1 

- — NC 2 
Lzr\ MSB/SIGN 
7 



8-BIT 

OUTPUT 

TO 

SYSTEM 



LSB 

NC 
NC 
NC 
NC 
NC 
NC 



Note: 1. HIGH during underflow. 

2. HIGH during overflow or underflow. 



MSB/SIGN 



8-BIT 
INPUT / 
FROM s 
SYSTEM 



40. 

51 



LSB 



rika 



36 
35 
34 

33 
32 

_31 
JO 
"27 



26 



25 



44 



Sin so 15 

S0 14 

S, 10 S0 13 

S, 9 S0 12 

S, 8 S0 1t 

S, 7 SO 10 

f! 6 TMC2242 SO9 
SI5 
Sl 4 

Sl 3 
Sl 2 

S«1 
SJo_ 
DEC 
INT 
TCO 



4—NC1 
5_q MSB/SIGN 



S0 8 
SO7 

so 6 
so 5 
so 4 
so 3 

so 2 

SO i 

SO 0 



RND 2 RND-j RNDq 



22 23 



24 



8-BIT 
v OUTPUT 

/ TO 
SYSTEM 



7. 
8. 

9_ 
10 
11 

14 LSB 

38-nc 

— NC 
l^NC 
li-HC 

— NC 
^~NC 



2242.1 0.APP 



Note: 1. HIGH during overflow or underflow. 



For More Information call 1-800-722-7074. 



Raytheon Semiconductor 



7-143 



TP-49B 



Figure 11. 



Figure 12. 



40, ,.. 

£r 11 



MSB/SIGN 



r— 37 



36 
35 

8-BIT 34 
INPUT J — 
FROM 1 -2* 
SYSTEM 

il 
30 

2L 
26 

25 
J_ 
44 
2 



LSB 



:ikQ 



SO15 

so 14 

S|10 so 13 
s, 9 S0 12 

2 s ° 11 

Sl 7 SO 10 
TMC2242 S0 9 



% 
Sl 4 

Sl 3 

Sl 2 

8H 

S|o_ 

DEC 

INT 

TCO 



S0 8 
SOy 
S0 6 
S0 5 
S0 4 
S0 3 
S0 2 

so 1 
so 0 



RND 2 RND 1 RND 0 



22 23 24 



±— NC 1 

MSB/SIGN 



8-BIT 

OUTPUT 

TO 

SYSTEM 



LSB 

■NC 
NC 



h^NC 



NC 
NC 
NC 
NC 



2242.1 LAPP 



40 nr" 

8,11 



MSB/SIGN 



r -37 
36 



8-BIT 34 

INPUT 

FROM 
SYSTEM 



LSB 



:iko 



S"10 

Slg 
si 8 

% 

f! 6 TMC2242 

% 

Sl 4 

Sl 3 

Sl 2 

8h 

SIq_ 

DEC 

INT 

TCO 



SO15 
S0 14 
S0 13 
S0 12 
SO11 
SO 10 
S0 9 
SO* 
SOy 

so 6 
so 5 
so 4 
so 3 
so 2 
so 1 
so 0 



Note: 1. HIGH during overflow or underflow. 



RND 2 RND 1 RND 0 
\ 23 1 24 J" 



^ — NC 1 
5— NC 2 
6 ~-i MSB/SIGN 



8 



9_ 
10, 

1L 
15_ 

IL 
17_ 
18_ 

IL 
20_ 

21 



8-BIT 

OUTPUT 

TO 

SYSTEM 



22 



Note: 1. HIGH during underflow. 

2. HIGH during overflow or underflow. 



LSB 

NC 
NC 
NC 
NC 
NC 
NC 



2242.1 2.APP 



Table 4. Summary of connections shown In Figures 1 through 12. 



Input 
Figure Format 



Mode 



Output 
Format 



Input 
Pins 



Sl 2 
Pin 



Output 
Pins 



INT\ 


TCO 


RND 0 


HIGH 
LOW 
LOW 
LOW 


HIGH 
HIGH 
HIGH 
LOW 


HIGH 
HIGH 
HIGH 
HIGH 


HIGH 
LOW 
LOW 


LOW 
LOW 
LOW 


HIGH 
HIGH 
HIGH 


HIGH 
LOW 
LOW 


HIGH 
HIGH 
HIGH 


HIGH 
HIGH 
LOW 


HIGH 
LOW 
LOW 


LOW 
LOW 
LOW 


HIGH 
HIGH 
LOW 



1 

2 
3 

3a 

4 

5 
6 

7 
8 
9 

10 
11 
12 



2's comp decimate 

2's comp 1 :1 filter 

2's comp interpolate 

2's comp interpolate 



2's comp 
2's comp 
2's comp 

uns mag 
uns mag 
uns mag 

uns mag 
uns mag 
uns mag 



decimate 
1:1 filter 
interpolate 

decimate 
1:1 filter 
interpolate 

decimate 
1:1 filter 
interpolate 



2's comp 
2's comp 
2's comp 
inv 2's comp 

inv uns mag 
inv uns mag 
inv uns mag 

uns mag 
uns mag 
uns mag 

inv uns mag 
inv uns mag 
inv uns mag 



sin-4 
siu-4 

I! 11 - 4 

bl 11-4 



SI11 

us 



|ho-3 

Sho-3 

|ho-3 
il 10 " 3 



HIGH S0 15 . 8 

HIGH S0 15 _ 8 

LOW S0 14 _ 7 

LOW S0 14 _ 7 



LOW 
LOW 



HIGH 
HIGH 
LOW 

LOW 
LOW 
LOW 

LOW 
LOW 
LOW 



S0 15 . 8 

S0 15 - 8 

S0 15 - 7 . 
S0 14 =NC 

i£ 14 - 7 

S °13-6 

S0 14 -7 

S °13-6 



Notes: 1 . For unsigned magnitude input format, 1= LOW 
2. In all cases, RblD^ and RND 2 = LOW. 



LOW 
LOW 
HIGH 

LOW 
LOW 
HIGH 

LOW 
LOW 
HIGH 
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II. Comparing with analog anti-aliasing 
filters 



When a signal is sampled periodically, the 
frequency spectrum of that signal is -folded" in 
such a way as to superimpose frequencies in the 
primary band of DC to 1/2 the sampling rate with 
frequencies outside of that band. This effect is 
commonly called aliasing. To avoid having this 
effect destroy (by superimposing high frequency 
noise on the lower frequency signal) information of 
interest, an anti-aliasing filter must be used to 
remove the energy above \J2 from the signal 
before it is sampled. 

Due to aliasing, the sampling rate must be at least 
twice the signal bandwidth. To account for real 
world filters, there must be ample headroom for the 
"skirts" of the anti-aliasing filter. When sampling a 
signal such as a video signal, the sampling rate 
chosen (often 4x the NTSC color subcarrier 
frequency) and the signal bandwidth define the 
anti-aliasing filter required. If, for example, the 
signal band is DC to 6 MHz, then the filter must 
pass DC to 6 MHz and attenuate 7.16 MHz (1/4 
octave transition band) by 48 dB. Since realization 
of such a filter is very difficult, compromises are 
sometimes made in the signal bandwidth, or the 
amount of attenuation, or both. 

An alternative is to increase the sample rate. If the 
sample rate is increased to 8x the NTSC color 
subcarrier frequency, then the stopband need not 
commence until 14.32 MHz, allowing 1.25 Octaves 
for the filter to transition from passband to 
stopband. The disadvantage of this is that the 
amount of data being generated has doubled, even 
though the information content has stayed the 
same. 

A solution is to sample at a high rate with a simple 
anti-aliasing filter in front oft the A/D converter. 
Then digitally low-pass filter and decimate the data. 
This avoids the need to store or process more data 
than the information content of the signal would 
warrant. This is the purpose of the TMC2242 half- 
band filter. 

The TMC2242 is a digital low-pass filter which 



passes frequencies from DC to 1/4 the sampling 
rate. As a result of aliasing, only the frequency 
spectrum from DC to 1/2 the sampling rate is 
unique. Since the TMC2242 passes 1/2 of the 
spectrum available to it, it is called a "half-band 
filter." The signal is then decimated so that the 
output data rate becomes 1/2 the input data rate. 

The result is that the complexity of the anti-aliasing 
filter has been significantly reduced at the expense 
of having to sample the signal at twice the rate 
needed, plus the addition of a digital 
filter/decimator. It is reasonable to ask if this is a 
good tradeoff. 

One performance advantage of the TMC2242 over 
the complex analog filter is that of group delay. 
Group delay is a measure of the differential 
propagation time of two sinewaves, of differing 
frequencies, through a circuit. The result of poor 
group delay is poor pulse response. The group 
delay of the digital filter is ZERO. 

The use of the FIR filter structure in the TMC2242 
guarantees stability, and insensitivity to component 
selection. The equivalent analog filter would 
require several high precision components (L and 
C), all matched precisely to achieve desired 
performance. This matching must be maintained 
over the operating temperature range for the 
circuit. The result is usually an analog filter design 
that requires hand tuning to achieve desired 
performance, making the filter expensive to 
manufacture. All TMC2242s have exactly the 
same characteristics, over the entire guaranteed 
temperature range, and the characteristics will not 
change with age. 

The reliability of systems employing the TMC2242 
should be greatly improved since there will be a 
greatly reduced component count. 

The following pages show plots of the TMC2242, 
the vertical axis is in dB and the horizontal axis is 
frequency normalized so that the sampling rate is 
1000. 
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Figure 13. TMC2242 Frequency Response Curves 
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Frequency (500=Nyquist) 
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III. 3dB Better SNR Through 
Oversampling 



By operating an A/D converter at rates above the 
minimum required to meet the Nyquist criterion, it is 
possible to reduce quantization noise. Filtering and 
decimation return the original data bandwidth, but 
with improved SNR. 



The TMC2242 is a half-band decimating filter. The 
input signal is low pass filtered, passing only the 
DC to f s /4 band. The output is decimated so that 
the output data rate is 1/2 the input data rate. The 
primary reason for using the TMC2242 is to simplify 
the requirements imposed upon anti-aliasing filters 
which are normally placed just ahead of A/D 
converters. One beneficial side effect of using the 
TMC2242 is that by oversampling, the signal-to- 
quantizing noise ratio is increased by 3dB for each 
octave of oversampling. The result of using a 
TMC2242 after a 9-bit A/D converter (i.e. 
TDC1049) sampling at 8x the NTSC color 
subcarrier frequency is an equivalent 4x subcarrier 
sampling rate where the resolution of the output 
signal is 9.5 bits. 

To explain where the additional 1/2 bit comes from, 
the digitizing process must be modeled. If the input 
to the A/D converter is a signal, f(t), and the 
digitized output of the signal is f d (t), then the 
digitization can be thought of as simply adding 
quantization noise of f<j(t)-f(t). This difference 



signal is called e(t). Therefore f d (t)=f(t)+e(t). e(t) is 
the noise that is not wanted since it represents the 
error in the sample. 

The probability density function of e(t) is close to 
that of white noise for most real signals. Its value 
is equally likely to fall between +1/25 and -1/25 
where 5 is a quantization step. If sampling is done 
at twice the required rate, followed by decimation, 
the noise in the decimated signal will be the sum of 
the two e(t)s. The expected value of the sum of 
two variables equally distributed over a range of 
±1/25 is +V2/2 5, hence the noise has increased by 
a factor of V2. In the mean time, the signal, having 
been sampled twice, has increased in value by a 
factor of 2. Since the signal strength grows more 
rapidly than the noise, there is an improvement in 
SNR by a factor of 2/V2 (3dB) for each octave of 
oversampling. 

Another way of looking at the process is in the 
frequency domain. The spectrum of e(t) is white 
and therefore its energy is equally distributed 
across the frequency band for DC to f s /2. The half- 
band filter acts equally on the noise and the signal. 
Since the signal falls entirely within the passband, it 
is entirely passed. The noise, being evenly 
distributed, is cut in half, increasing the signal-to- 
noise ratio by 3dB. 
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Application Note TP-50A 
The Evaluation Board for the 
TMC1175/TDC3310 

The TMC1 175E1 C Evaluation Board brings all of the circuitry together for evaluating Raytheon's 
TMC1 175 CMOS A/D converter and the TDC3310 10-bit D/A converter. The A/D and D/A signal 
paths are independent but easily configurable at the edge connector for reconstruction of A/D 
converter data with the D/A converter. Data is registered after the A/D and before the D/A 
converters. A common clock signal will drive both A/D and D/A converters. A/D and D/A 
converters may also be clocked independantly via the edge connector. 

The TMC1 175E1C is a simple two-layer printed circuit board with 100 x 160 millimeter Eurocard 
dimensions. The component side of the board comprises mostly ground plane with only a few 
interconnections. A double row 64-pin DIN male connector gives access to all power and digital 
signals. Analog input and output signals are available from SMA connectors. 



Variable voltage references are provided for the TMC1 1 75 and TDC331 0. Configurable input 
and output wideband video amplifiers are provided for signal conditioning. Signal path offsets 
may be adjusted at the input and output amplifiers. 

Figure 1. Evaluation Board Block Diagram 
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Power Supply and Clock Input Requirements 

Both the TMC1 175 and TDC3310 require only +5 Volts for operation. The A/D converter voltage 
reference circuits and wideband amplifiers may be operated from voltages of ±5 to ±18 Volts. 

A Clock Buffer circuit has been included on the board with a 50Q terminated SMA input. The 
clock buffer circuit provides separate CONV signals to the A/D and D/A converters and their 
registers. Pull-up resistors on edge-connector CLK inputs enable the clock buffer when a 
common clock is used. If separate clocks are desired, edge-connector pins B2 and B24 may be 
used for the A/D and D/A converters, respectively. The TDC3310 clock input may be monitored 
on test point TP1. 

TMC1 1 75 A/D Converter Circuitry 

The circuitry included on this evaluation board is not intended to represent the minimum design 
for A/d operation. It is designed with maximum flexibility for evaluating the TMC1 1 75 in various 
configurations. 

The input amplifier, U6, may be configured for inverting or non-inverting operation, with and 
without variable offset voltage. R39 is the potentiometer used for varying the offset of the signal 
applied to the A/D converter. The output of the input amplifier is monitored at SMA Aj N2 . A| N2 
may also be used as a signal input when AC-coupling to the A/D converter is used. The 75Q 
input termination resistor and voltage gain of this amplifier are jumper selectable. Fixed amplifier 
gains of -4, -1 , +2, and +5 are available. 

AC- or DC-coupling directly to the TMC1 1 75, is accomplished via input connector A| N2 . A "poor 
man's" diode clamp limits the negative going AC-coupled signal to the A/D converter to the 
voltage applied to R T . The diode clamp and coupling method are jumper selectable. Silicon 
diodes are included on the board to prevent voltage excursions on the input to the A/D converter 
from going beyond the power supply range. 

Two variable voltage reference circuits are provided on the board for driving the R T and R B 
inputs of the TMC1 1 75. The A/D reference voltage inputs may be jumper configured for the 
internal reference divider of the TMC1 175 using V R+ and V R _. Other jumper options connect R T 
to V cc and R B to GND. The reference inputs to the A/D converter may be monitored on test 
points TP5 and TP6. 

Table 1 summarizes the function of each jumper and Table 2 indicates which jumpers are to be 
installed and removed for amplifier configurations. 
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Table 1 . A/D Converter Jumpers 



J14 


Connects OFFSET control to inverting input of amplifier. 


J15 


Grounds inverting input of amplifier for non-inverting operation. 


J16 


Oonnpf!te Am^ to invprtinn amnlifipr innut 


J17 


Enables 75Q termination resistor on A )N1 . 


J18 


Connects A JN1 to non-inverting amplifier input. 


J19 


Connects OFFSET control to non-inverting input of amplifier. 


J20 


Decreasps fepdback rp^istor of amnlifier from 4 9QkO to 1 OkO 

l/vul vUwvu 1 vvUUuviX 1 vOlwlV/l VI dl 1 I II 1 1 vl II Will i • sJ \J £< lu 1 .V/rV*<i. 


J21 


Connects amplifier output to A/D input. 


J22 


D.C. couples amplifier output to A/D input. 


J23 


Enables 75£2 termination resistor on A jN2 . 


J24 


Enables diode clamp. 


J25 


Connects A/D R T to V R+ pin. 


J26 


Connects A/D R T to V cc . 


J27 


Connects A/D R T to variable voltage reference. 


J28 


Connects A/D R B to ground. 


J29 


Connects A/D R B to V R _ pin. 


J30 


Connects A/D R B to variable voltage reference. 



Table 2. Jumpers for A/D Input Configurations 





Configuration 


Installed 


Removed 


1 


Non-inverting, with offset control 


J14 


J18 


J15 


J16 


J19 


2 


Inverting, with offset control 


J16 


J19 


J14 


J15 


J18 


3 


Non-inverting, without offset control 


J15 


J18 


J14 


J16 


J19 


4 


AC-coupled direct input on A jN2 


J23 


J24 


J21 


j22 






(with termination and clamp) 












5 


DC-coupled direct input on A !n2 


J22 




J21 


J23 


J24 




(without termination and clamp) 
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TDC3310 D/A Converter Circuitry 

The D/A converter circuitry included on the Evaluation Board is not intended to represent the 
minimum design for D/A operation. It is designed with maximum flexibility for evaluating the 
TDC331 0 in configurations that work for various applications and implementations. Since the 
TDC3310 is a 10-bit D/A converter, its two LSBs are jumpered to ground, enabling 8-bit 
operation, matching the resolution of the TMC1 175 A/D converter. The INVERT input to the 
TDC3310 is grounded by jumper J4. 

A simple band-gap voltage reference and potentiometer R7 provide a variable reference to the 
TDC331 0. Varying R7 will change the "gain" of the TDC331 0 D/A converter. The reference is 
set to -1 .0 Volts with respect to the +5 Volt power supply as part of the factory test procedure. 
The adjustment ranges from -0.4 to -1 .2 Volts with respect to the +5 Volt power supply. The 
TDC3310 reference voltage may be monitored on test point TP2. 

AC- or DC-coupling directly from the TDC3310 to the output amplifier is accomplished via jumper 
J6. SMA connector A 0 uti can be used as a monitor point for the input to the output amplifier or 
as an un-amplified D/A converter output. A "poor man's" diode clamp limits the negative going 
AC-coupled signal from the D/A converter to GND. The diode clamp is jumper selectable. 

The wideband video output amplifier, U5, may be configured for inverting (A v = -2) or non- 
inverting (A v = +2) operation with variable offset voltage from R16. The amplifier has an output 
series resistor of 75ft to ensure 1 Volt pk-pk video levels into 75ft terminated cables. 

Since the output voltage from the TDC331 0 D/A converter if referred to the +5 Volt power supply, 
the output amplifier may be configured as a differential amplifier with one input referred to the +5 
Volt power supply. This configuration reduces the effect of common-mode noise from the power 
supply at the input to the amplifier. 

Table 3 summarizes the function of each jumper and Table 4 indicates which jumpers are to be 
installed and removed for output amplifier configurations. 
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Table 3. D/A Converter Jumpers 



J1 


Enables 51 Q termination resistor on D/A CLK. 


J2 


Grounds LSB of D/A converter for 8-bit operation. 




Rronn(i<; ?nd I SB of D/A ronvprtpr for 8-bit ODpration 


J4 


Grounds INVERT input to D/A. 


J5 


Enables 75Q termination resistor on A 0 un connector. 


J6 


D.C. couples output of D/A converter. 


J7 


Enables diode clamp. 


J8 


Connects inverting input of amplifier to Vqq. 


J9 


Connects AC-coupled output of D/A to amplifier. 


J10 


Grounds inverting input of amplifier. 


J11 


Connects non-inverting input of amplifier to V cc . 


J12 


Connects non-inverting input of amplifier to D/A output. 


J13 


Connects non-inverting input of amplifier to ground. 



Table 4. Jumpers for D/A Output Amplifier Configurations 





Configuration 


Coupling 


Referred 


Installed 


Removed 


1 


Non-inverting 


AC 


GND 


J10 


J12 




J6 


J8 


J9 


J11 


J13 


2 


Inverting 


AC 


GND 


J9 


J13 




J6 


J8 


J10 


J11 


J12 


3 


Non-inverting 


DC 


GND 


J6 


J10 


J12 


J8 


J9 


J11 


J13 




4 


Inverting 


DC 


GND 


J6 


J9 


J13 


J8 


J10 


J11 


J12 




5 


Non-inverting 


AC 


V CC 


J8 


J12 




J6 


J9 


J10 


J11 


J13 


6 


Inverting 


AC 


v CC 


J9 


J11 




J6 


J8 


J10 


J12 


J13 


7 


Non-inverting 


DC 


v CC 


J6 


J8 


J12 


J9 


J10 


J11 


J13 




8 


Inverting 


DC 


v CC 


J6 


J9 


J11 


J8 


J10 


J12 


J13 
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The Edge Connector 

The edge connector has been arranged to easily configure the board for reconstructing A/D data 
with the TDC331 0 D/A converter. A./D data outputs are located exactly adjacent to D/A data 
inputs on the edge connector. Simply shorting these edge connector pins together will enable 
the direct transfer of data from one signal path to the other. 



Table 5- Edge-connector Pin Assignments 



A32 


GND 


B32 


V- (-15V) 


A31 


GND 


B31 


V+ (+15V) 


A30 


GND 


B30 


N/C 


A29 


GND 


B29 


N/C 


A28 


GND 


B28 


N/C 


A27 


GND 


B27 


N/C 


A26 


GND 


B26 


N/C 


A25 


GND 


B25 


N/C 


A24 


GND 


B24 


D/A CONV Input 


A23 


GND 


B23 


N/C 


A22 


GND 


B22 


N/C 


A21 


D/A D 1 MSB 


B21 


A/D D 1 MSB 


A20 


D/A D 2 


B20 


A/D D 2 


A19 


D/A D 3 


B19 


A/D D 3 


A18 


GND 


B18 


v cc ( +5V ) 


A17 


D/A D 4 


B17 


A/D D 4 


A16 


D/A D 5 


B16 


A/D D 5 


A15 


D/A D 6 


B15 


A/D D 6 


A14 


D/A D 7 


B14 


A/D D 7 


A13 


D/A D 8 


B13 


A/D D 8 LSB 


A12 


D/A D 9 


B12 


N/C 


A11 


D/A D 10 LSB 


B11 


N/C 


A10 


N/C 


B10 


N/C 


A9 


N/C 


B9 


N/C 


A8 


N/C 


B8 


N/C 


A7 


N/C 


B7 


N/C 


A6 


N/C 


B6 


N/C 


A5 


N/C 


B5 


N/C 


A4 


GND 


B4 


N/C 


A3 


GND 


B3 


N/C 


A2 


GND 


B2 


A/D CONV Input 


A1 


GND 


B1 


V EE (-5.2V) 
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Table 6. Parts List 



Item 


Qty 


Part/Value 


Ref. Designator 


Mfg. P/N 


1 


on 

29 


Ceramic capacitor, 0.1 jxF 


C1-C7, C9-C12, C14, 


MD015C104KAB, AVX 








C16-C18, C21-C33 




2 


4 


Tantalum capacitor, 100 |iF 


C8, C13, C15, C19 


TAP107K035SCS, AVX 


3 


o 

2 


Resistor, 2012 


OHO OOO 

R13, R22 


RN50C20R0F 


4 


1 


Resistor, 51.1 12 


0 4 
R1 


one 

RN50C51 R0F 


5 


4 


Resistor, 75Q 


R9, R17, R18, R23 


RN50C75R0F 


6 


17 


Resistor, l.0ki2 


R6, R10, R12, R14 


RN50C1001 F 








R19, R24-R31, 










000 r*> 0 0 

R33-R36 




7 


1 


Resistor, 1 .33kQ 


R20 


RN50C1331F 


8 


2 


Resistor, 2.0kQ 


R11, R15 


RN50C2001 F 


9 


1 


Resistor, 3.0k£2 


R8 


RN50C3001F 


10 


1 


Resistor, 4.0kQ 


R21 


RN50C4001F 


1 1 


4 


riesisior, 4. /KLZ 


DO DC 


ni>ioUU4/U 1 r 


1 0 


1 


r ouniiomeier, zklz 


D7 
n/ 




I o 


4 


r oienuomeier, *lklz 


RiC DOC DQO DQQ 

Mid, n^o, no<i, noy 




I 4 


lU 


oiiicon uioae 


U 1 -U 1 U 


1 IN4 1 4o 


1 R 
I O 




lu-uit register 


1 M 
U 1 


/ 4ALoO<l I 


ID 


■i 


uuaa ^-input nanu gate 


1 10 


"7 A I Ci OO 

/4Lo I o£ 


1 / 


i 
1 


1 u-Dii u/A converter 


1 10 
Uo 


1 uoooiUNbu, Hayrneon 










Semiconductor 


18 


1 


1 .2 Volt bandgap diode 


U40 


LM385-1.2 


19 


2 


Wideband op-amp 


U5, U6 


EL2041 , Elantec 


20 


2 


Voltage reference, op-amp 


U7, U8 


LM611, National 










Semiconductor 


21 


1 


8-bit A/D Converter 


U9 


TMC1175N2C30, Raytheon 










Semiconductor 


22 


1 


8-bit register 


U10 


74ALS374 
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Figure 4. PC Board Circuit-Side Layout 




Figure 5. PC Board Component-Side Layout 
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Figure 6. PC Board Silkscreen Layout 
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A Demonstration Board for the 
TMC22090 Digital Video Encoder 

Dean Raby 

The TMC22061 P7C encoder demonstration board converts 8-bit digital component video, ( CCIR 
rec 656 or SMPTE rp 125, a.k.a. "601") into analog composite video using the TMC22090 digital 
video encoder. The board is dual standard and will operate in both PAL and NTSC television 
standards. 

A 27 MHz crystal oscillator is provided for cases where a CCIR-601 source is not available. In 
such a case only the internally generated color bars and modulated ramp can be produced. 



Figure 1 . Block diagram 
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CCIR-601 Interface 

The CCIR-601 data stream is terminated into differential ECL-to-TTL converters. The translated data is latched 
through U23 at a 27 MHz rate and then to a YC demultiplexer. Here, the luminance and chrominance data words are 
separated into two data streams termed Y and C, respectively. This YC data goes directly into the TMC22090 which 
separates the color difference signals from the C data and interpolates the color difference signals to the same sample 
rate as Y data. This interpolation improves the horizontal color transitions. 

The TRS decoder decodes the field (F), vertical blanking (V), and horizontal blanking (H) information for use in the 
timing signal generation on the board. The TRS decoder also produces the pixel counter reset and the LDV signal for 
latching the YC data into the TMC22090. 

Horizontal and Vertical Timing 

The pixel counter (U4, U5, and U1 ) is decoded to produce the VHSYNCVand PDC signals required by the TMC22090 
for horizontal synchronization. A 2x line rate clock, H/2_CLK, used in the VVSYNC\ generation, is also produced 
along with P_CLOCK and DATA_EN. P_CLOCK is used to clock the program counters and the DATA_EN signal used 
in the YC demultiplexing circuit. 

A 4-bit counter embedded in U9 is started whenever V goes HIGH, which occurs at the beginning of each vertical 
blanking interval. This counter is clocked by H/2_CLK which enables the VVSYNC\ pulse to be produced at the same 
time as the first vertical sync pulse in each field. The PGM output signal ensures that the software reset signal, 
RES_OUT, goes HIGH 1 5 half-line periods before the program counter starts. 

Software Reset 

A software reset occurs whenever the pushbutton switch, S3, is depressed. The software reset is latched through U9 
to ensure a known relationship between the internal pixel clock of the TMC22090 and the externally generated LDV, 
PDC, VHSYNC\, and VVSYNC\ signals. When S3 is depressed the internal state machines of the TMC22090 are 
reset and the outputs are disabled. When S3 is released the program counter is started at the beginning of the next 
vertical blanking period. Software Reset is required after power-up and after each functional change. 

Programming the TMC22090 

A 12-bit counter (U6, U7, and U8) is used to produce the addresses used in programming the TMC22090. U1 1 
produces the required R/W\, A 1:0 , and CS\ signals, while U1 2 contains 16 different pages of setup data for NTSC and 
another 16 pages. for PAL (selected via switch S2). An additional 32 pages are unprogrammed, and available for user 
setups. They are accessed by addressing the Upper Memory Blocks (UMB) via selector E7. To ensure that the 
outputs of the programmable logic are correctly timed to transitions on the microprocessors data bus, they are 
addressed at four times the rate that U12 is addressed. The 16 pages of setup data are selected by the rotary switch 
S1 , as shown in the table below. 
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Table 1. Board Operational Setups. 



Rotary 




Switch 


Board Function 


Position 




0 


Color bars test signal (8-bars). 


1 


Color bars test sional (9-bars^ 


2 


Modulated ramp test signal. 


3 


Encodes CCIR-601 input data (normal operation) 


4 


Subcarrier data limited to 28-bit resolution. 


5 


Subcarrier data limited to 24-bit resolution. 


6 


Luminance data limited to 6-bit resolution. 


7 


Chrominance data limited to 6-bit resolution. 


8 


Luminance and chrominance data limited to 6-bit resolution. 


9 


Inverted luminance data. 


A 


Inverted luminance data and 180° phase shift to chrominance. 


B 


Chrominance data set to constant value in UV CLUTs. 


C 


Color burst phase advanced 1 0 degrees. 


D 


Color burst phase retarded 10 degrees. 


E 


Reduced active video line length. 


F 


Black burst (NTSC includes pedestal). 
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Output Reconstruction Filters 

The 2x oversampling of internal digital data before the output D/A converters of the TMC22090 not only reduces the 
Sin(x)/x high-frequency roll-off but eliminates complicated reconstruction filters. This is particularly important as the 
frequency response of digital filters is dependent upon the sample rate while the frequency of the aliased subcarrier 
component is fixed. The filters are terminated on the board. If termination on the board is not required, simply remove 
the appropriate link behind the BNC connector (E4, E5, E6). 

Operation Without a CCIR-601 Source 

Only rotary switch positions 0, 1 , and 2 are useful without a CCIR-601 digital video source available. These switch 
positions produce color bars and a modulated ramp These test patterns are inserted into the pixel data path after the 
CLUTs in RGB format and demonstrate 90% of the circuitry of the TMC22090. To provide a PXCK in the absence of a 
CCIR-601 source, switch E2 to internal. 

Power Supply Requirements 

The TMC22061 P7C board requires 1 .25 Amps from the +5 Volt power supply and 0.25 Amps from the -5 Volt power 
supply. The -5 Volt power supply powers ECL logic devices which have relatively good noise immunity. The +5 Volt 
power supply not only drives TTL logic devices but it also provides the power to the TMC22090. Therefore, it is 
recommended that a bench power supply is used with the cable lengths kept to a minimum. When operating in stand- 
alone mode, only +5 Volts is required. 

On-Board Read-Only Memory 

The table on the next page shows the content format of the EPROM which hold the 64 pages of setup data. 
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Table 2. EPROM Address Map 



Address 


uoniems 


0 




1 


CLUT address pointer set to 00 h 


2 


Start of CLUT data 




V n -1 




V n 




V n+ 1 


769 


End of CLUT data 


770 


Control Register pointer set to 00 h 


771 


Start of Control Register data 


851 


End of Control Register data 


852 


Unused locations set to 00 h 


1023 


Unused locations set to 00 h 
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APPENDIX A. TMC22061 Parts List 



Item 


Qty 


Part/Value 


Ret. Designator 


P/N, Mfg. No. 


1 


2 


Ferrite Beads 


L1,L2 


2743001112, FAIR-RITE Prod. Corp. 


2 


3 


Inductors, 1.8jiH 


L3, L5, L7 


IMS-21.8|llH +/- 5%, Dale 


2 


3 


Inductors, 1 .OjliH 


L4, L6, L8 


IMS-21.0jaH +/- 5%, Dale 


3 


33 


Ceramic capacitor, 0.1 jiF 


C3-C5,C9-C14,C43 


MD015C104KAB, AVX 








01 7-020,022-039,041 




4 


4 


Ceramic capacitor, 0.01 \iF 


C1,C16, C40, C42 


MD015C103KAB,AVX 


5 


3 


Ceramic capacitor, 47 pF 


C57, C59, C61 


SR151A470JAA,AVX 


7 


3 


Ceramic capacitor, 100 pF 


C45, C49, C53 


SR151A101JAA,AVX 


7 


6 


Ceramic capacitor, 330 pF 


C44, C47, C48,C51, 


SR133A561JAA,AVX 








C52, C55 




8 


2 


Tantalum capacitor, 0.47 jaF 


C2, C15 


TAP474K035SCS, AVX 


9 


2 


Tantalum capacitor, 22 jllF 


C7, C8 


TAP226K035SCS, AVX 


10 


9 


Resistor, 7512 


rue no a noo no/i 

R15-R20, R22-R24 


RN50O75R0F 


11 


9 


Resistor, 120Q 


R3, R5-R12 


RN50D1200F 


12 


1 


Resistor, 41 2Q 


R14 


RN50C4120F 


13 


1 


Resistor, 3.3kO 


R1, R13, R21 


RN50C3301F 




i 
i 


HeSISlOr, 4./KL2 


DO 


nlMDUU4/U I r 


15 


1 


Resistor, 47kQ 


R4 


RN50D4702F 


16 


1 


SIP resistor, 3.3k£2 


RN1 


4308R-101-332, Bourns 


16A 


1 


SIP resistor, 3.3kQ 


RN2 


431 OR-1 01 -332, Bourns 


17 


1 


1N4148 Silicon Diode 


CR1 


1N4148 


18 


1 


LT1 004 Bandgap Reference 


CR2 


LT1 004-1 .2, Linear Technology 


l On 


0 

c. 


1 MAHHA Qilirnn nirvHo 
I |\IHUU4 Olllt/UM UlUUfc? 


PRO PR/1 


IINI4UU4, IVIULUlUId 


19 


1 


TMC22090 Encoder 


U18 


TMC22090R0C, Raytheon Semiconductor. 


20 


2 


16R8 PAL 


U9, U20 


TIBPAL16R8-15CN, Texas Inst. 


21 


2 


20R8 PAL 


U10.U11 


TIBPAL20R8-15CNT, Texas Inst. 


22 


1 


27512 Eprom 


U12 


TMS27C512-120JL, Texas Inst. 


23 


3 


10125 ECL-TTL Translator 


U16,U19,U22 


MC10125P, Motorola 


24 


1 


74F08 Quad 2-input AND 


U13 


MC74F08N, Motorola or equiv. 
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APPENDIX A. TMC22061 Parts List (continued) 



Item 


Qty 


Part/Value 


Ref. Designator 


P/N, Mfg. No. 


25 


1 


74LS74 Dual D-type FF 


U14 


MC74LS74AN, Motorola or equiv. 


26 


3 


74F163 4-bit counter 


U1.U5, U4 


MC74F163AN, Motorola or equiv. 


27 


3 


74LS163 4-bit counter 


U6, U7, U8 


MC74LS163AN, Motorola or equiv. 


28 


1 


74F174 Hex D-type FF 


U2 


MC74F174AN, Motorola or equiv. 


29 


2 


74F374 Octal D-type FF 


U17, U23 


MC74F374N, Motorola or equiv. 


30 


1 


74HCT374 Octal D-type 


U15 


MC74HCT374N, Motorola or equiv. 


31 


2 


74F377 Octal D-type FF 


U21.U24 


MC74F377N, Motorola or equiv. 


32 


1 


Crystal oscillator 


Y1 


MXO-55GA-2C-27MHz, CTS-Kyight 
F1100H-27MHZ, Fxo 


33 


15 


Test points 


TP1-TP15 


ME1 51 -203-1 00, Mouser 


34 


4 


Shorting block 




ME151-8000, Mouser 


35 


4 


Jumpers 


E1,E4, E5, E6 


NSH-36SB-S1-TR, Robinson-Nugent 


36 


1 


Power Connector 


J1 


ELM033100, PCD 


37 


3 


BNC connectors 


J2, J3, J4 


31-5431, Amphenol 


38 


1 


S-VIDEO Connector 


J5 


749263-1 , Amphenol 


39 


1 


25-pin D-connector 


P1 


61 7BO25SAJ220, Amphenol 


40 


2 


SPDT switch 


E2, E7 


090320102, Secma Inc. 


41 


1 


SPDT switch 


S2 


ATIDG-RA-1, Alco Switch 


42 


1 


SPDT switch 


S3 


TP11FG-RA-0, Alco Switch 


43 


1 


HEX rotary switch 


S1 


350134GSV, EECO 


A A 

44 


A 

1 


PLGG socket 




PLCCB-84-PS-T, Robinson-Nugent 


45 


1 


Oscillator socket 




ICA-1 43-SCO-TG30, Robinson-Nugent 


46 


2 


20-pin DIP socket 




ICA-203-S-TG30, Robinson-Nugent 


47 


2 


24-pin DIP socket 




ICA-243-S-TG30, Robinson-Nugent 


48 


1 


28-pin DIP socket 




ICA-286-S-TG30, Robinson-Nugent 


49 


1 


Universal transistor mount 




111-080, BIVAR 


50 


4 


Standoff 




1902F, Keystone 


51 


1 


Bare PC Board 




40X07140 Rev. B, Raytheon Semi. 
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APPENDIX B PAL Functions Listings 

This appendix contains the programmable array logic listings of the devices used on the TMC22061 P7C evaluation 
board. These listings are shown as ABELJHDL source files. The following brief tutorial is provided and refers only to 
terms used for programming logic used on this board,. 



Sets 



A set is a collection of signals and constants that are operated on as one unit. Any operation applied to a set is 
applied to each element in the set. For example in U9, 



count = [c3, c2, cl, cO] 



Valid operations used on the TMC22061 P7C are: 



Operator 


Example 


Description 




A := [1,0,1] 


registered assignment 


! 


!A 


NOT: ones complement 


& 


A & B 


AND 


# 


A # B 


OR 




A == B 


equal 


1 - 


A != B 


not equal 


< 


A < B 


less than 


< = 


A <= B 


less than or equal 


> 


A. > B 


greater than 


> = 


A >= B 


greater than or equal 



The basic elements of a source file 



Module The module statement names the module and indicates the presence of any dummy variables used. 
Title The title statement can be used to give a title or description for the module. 

Declarations Declarations associate names with devices, pins, nodes, constants, macros, and sets. 
Equations It is possible to use equations, state diagrams, or truth tables to describe logic designs. All 

programmable devices in appendix A use equations. 
End The end statement terminates the module. Comments begin with double quotation marks, " ", and 

end with either another double quotation mark or the end of line, whichever comes first. 
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Board Reference Designator U9 



Module bdl_u9 

Title 'WSYNC generation and reset control logic' 

Declarations 

bdl u9 device "P16R8'; 



"inputs" 

"outputs" 

"notation" 



elk, v, pn, f 
s_reset 

cO, cl, c2, c3 

fb, wsync, pgmfb, pgm 



pin 1,2,3,4; 

pin 7; 

pin 19,18,17,16; 
pin 15,14,13,12; 



Equations 



!c0 
!cl 

!c2 
!c3 

! wsync 



!fb 
pgmfb 
!pgm 



count = [c3, c2, cl, cO] ; 

t = (s_reset & ipgmfb) # pgm # (v & s_reset & !pgm & 
pgmfb) ; 

:= cO & t & (count != 15) 

# !t; 

:= !c0 & !cl & t & (count != 15) 

# cO & cl & t (count != 15) 

# !t; 

:= !c2 & !c0 & t & (count != 15) 

# !c2 & !cl & t & (count != 15) 

# c2 & cl & cO & t & (count != 15) 

# !t; 

:= !c3 & !c0 & t & (count != 15) 

# !c3 & !cl & t & (count != 15) 

# !c3 & !c2 & t & (count != 15) 

# !t; 

:= !fb & pn & ((count >= 3) & (count <= 5)) 

# f b & ((count >= 4) & (count <= 5)) 

# !fb & !pn & (count == 5) 

# ((count >= 6) & (count <= 7) ) ; 
= (!fb & v) # (f & !v); 
= s_reset; 
= (count == 15) 

# s__reset & pgmfb & !pgm 

# Is reset; 



End 



bdl u9 
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Board Reference Designator U10 



Module bdl__ulO 

Title 'VHSYNC generation and data control logic' 

Declarations 

bdl ulO device "P20R8' ; 



"inputs" 



"outputs" 



aO, al, a2, a3, a4, a5, a6 

a7,a8,a9,a0 

elk, pn 

vhsync, pdc, hclk 
h2cik, den, pclk 
fb 



pin 2, 3,4,5, 6, 7, 8 
pin 9,10,11,14; 
pin 1,23; 

pin 22,21,20; 
pin 19, 18, 17; 
pin 16; 



"notation" 
Equations 



! vhsync 
!hclk 
h2clk 

! den 
Ipclk 
! fb 



addr = [alO. .aO] ; 

( (addr >= 16) & (addr <= 256)); 
((addr >= 1712) & (addr <= 16)); 
((addr >= 15) & (addr < 256)) 
# !fb; 
= aO; 
= !a0; 

= ((addr >=766) & (addr < 1015); 



End 
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Board Reference Designator Ull 



Module bdl_ull 

Title 'TMC22090 programming control' 

Declarations 

bdl_ull device ,, P20R8 , 

"inputs" 

"outputs" 

"notation" 
Equations 



elk 

aO, al, a2, a3, a4, a5, a 6 
a7, a8, a9, alO, all 

offset, zero, countclr 
dek, rw, cs, aal, aaO 

addr = [all . . aO] ; 



pin 1; 

pin 2,3,4,5,6,7, 8; 
pin 9, 10, 11, 14,23; 

pin 22,21,20; 

pin 19, 18, 17, 16, 15; 



! offset 
! zero 

countclr 
!dck 
! rw 
! cs 



!aal 



End 



!aa0 



bdl u9 



:= ((addr >= 3081) & (addr < 3265)); 
:= (addr == 0) 

# ((addr >= 3264) & (addr <= 3327)) 
(addr >= 32 65) ; 
!al Sc zero; 

zero & (addr <= 3261); 
(al & aO) 

# (!al & !a0) 

# (addr >= 3263) 

# !zero; 

:= (addr <= 9) 

# ((addr >= 3082) & (addr <= 3085)) 

# !zero; 
:= ! offset 

# (addr >= 3264) 

# !zero; 
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Board Reference Designator U20 

Module bdl_u2 0 
Title 'TRS decode' 

Declarations 



" inputs" 
"outputs" 

"notation" 
Equations 



!pl 
! P 2 
! P 3 
!h 
! v 



! f 



bdl_u20 device "P16R8' ; 

dO , dl , d2 , d3 , d4 , d5 , d6 , d7 

pl,p2,p3, f , v,h 
p reset, ldv 



pin 2, 3,4,5, 6, 7, 8, 9; 

pin 19, 18, 17, 16, 15, 14; 
pin 13, 12; 



data 



End 



! p_reset 
!ldv 
bdl u9 



[d7..d0]; 

(data == A hFF) ; 

(data == "hOO) & !pl; 

(data == "hOO) & !p2; 

( !h & p3) # ( !d4 & !p3) ; 

(!v & p3) # (!d5 & !p3 & !d4) 

( ! v & !p3 & d4) ; 

( ! f & p3) # ( !d6 .& !p3 & !d4) 

( ! f & !p3 & d4) ; 

!p3 & d4; 
!p reset # ldv; 
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Additional Information 

A schematic database is available in OrCAD 1 " 1 format, along with PAL and EPROM Maps. Contact the factory. 

The TMC22061 Demonstration Board, design documentation, and software are provided as a design example for the 
customers of Raytheonr. Raytheon makes no warranties, express, statutory,or implied regarding merchantability or 
fitness for a particular purpose. 

Raytheon reserves the right to change products and specifications without notice. 
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Bilinear Interpolation in Polar Coordinates 



Dr. John A. Eldon 

In many radar and medical scanner applications, data are collected in polar format at discrete 
range/azimuth positions, but displayed on a rectangular raster. To create a raster display or to 
prepare the data for manipulation, the user typically wants to locate, for every picture element ( 
pixel ) M p" with integer "target" Cartesian coordinates, the corresponding set of polar coordinates 
in the "source" data space. 

In polar space, unless the transformed point p happens to coincide with one of the positions 
whose signal value is known, its value must be estimated from those of the surrounding points. 
As in conventional rectilinear resampling, one can interpolate the transformed point's value from 
those of the nearest one, four, or sixteen data points. This application brief provides some 
guidance for dealing with the geometric distortions inherent in polar-to-rectangular resampling. 
Although this application brief deals specifically with the problem of bilinear ( four-point ) 
resampling, the reader may extend it to other resampling kernel sizes. 

Figure 1. Backmap from Raster to Polar 




ORIGINAL DATA POINTS (BY AZIMUTH AND RANGE) DESIRED DISPLAY RASTER GRID OF PIXELS 
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In Figure 1 , the pixel "p," with raster coordinates ( u 0 + 4 , v 0 + 4 ) is found through a simple two- 
dimensional trigonometric transformation to lie at coordinates ( R 0 + f R , A 0 + f A ) in polar space. 
Assuming the polar coordinate center lies at ( u c , v~) in the Cartesian raster, then for any point 
( Up , v p ) in the raster, R p = ( ( u p - u c ) 2 + ( v p - v c )* ) 1/2 and A p = arctan ( ( v c - v p ) / ( u p - u c ) ) 
for x p > x c or % + arctan ( ( v c - v p ) / ( u p - u c ) ) for x c > x p . If the length units of u and/or v differ 
from those of R, then the terms involving ( u p - u c ) and/or ( v p - v c ) need to be rescaled to make 
all length-dimension variables consistent in the above equations. In Figure 1 , one unit of R 
corresponds to one unit of u, but 1 .25 units of v. The polar coordinate origin lines at 
( u 0 + 6.7 , v 0 + 8.7 ). The Pythagorean Theorem yields: 

Rp = ((u 0 + 4 - u 0 - 6.7) 2 + 0.8 2 (v 0 + 4 - v 0 - 8.7) 2 ) 1/2 = 4.34, 

or R 0 = 4 and f R = 0.34, separating the integer and fractional parts for later computational 
convenience. Since p is to the left of the polar center, 

A p = k + arctan(0.8(v 0 +8.7-v 0 -4) / (u 0 +4-u 0 -6.7)) = 2.19 radians. 

Since the angular step in Figure 1's polar coordinates is 2rc/16 radians, A p = 2.19 / ( 2tc/16 ) = 
5.6, orA 0 = 5andf A = 0.6. 

In the example shown, the polar coordinates of the point "p," which lies at ( u 0 + 4 , v 0 + 4 ) in the 
display raster grid, are ( R 0 + f R , A 0 + f A ) = ( 4.34 , 5.6 ). Since the signal value at this precise 
location is not known, it is estimated from the values of the four nearest known data points, which 
define the dotted trapezoid surrounding p. 

Figure 2 is an expanded and rotated view of transformed data point "p," whose coordinates in 
polar space are ( R 0 + f R , A 0 + f A ). The four surrounding known data values are "ul" 
( upper left ) at ( R 0 , A 0 ), "ll" at ( R 0 + 1 , A 0 ), "ur" at 

( R 0 , A 0 + 1 ), and "lr" at ( R 0 + 1 , A 0 + 1 ). Blindly and naively estimating the value at p from 
those at the four reference points according to the standard bilinear interpolation formula, would 
yield: 

v(p)= ul(1 -f A )(1-f R ) + ur(f A )(1-f R ) + ll(1 -f A )f R + lr(f A )f R 

For noncritical applications, this will produce acceptable results, particularly if the number of 
azimuthal bins is large and the number of range bins is small. However, many applications will 
demand at least some of the geometric corrections described below. 

Since bilinear interpolation is a Cartesian procedure, an artificial rectangular grid, ( x,y ), is 
constructed with an origin coinciding with that of the polar data source space and with y-axis 
oriented at the angle A 0 + 0.5, halfway between p's four nearest neighboring data points. [Note 
that our point-specific local coordinates x and y, contrived strictly for convenience in the 
discussion which follows, are not generally aligned with the desired rectilinear display space.] If 
N represents the number of azimuthal rays per full circle, and A and F are defined as rc/N and 
A ( 2f A - 1 ), respectively, then the rectangular coordinates of the transform point and its four 
surrounding data points are as listed in Table 1 . 
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Figure 2. Bilinear Resampling with Polar Data 




Here, the resampled point is again labeled M p," the four surrounding data points are labeled ul, 
ur, II, and Ir, the polar coordinate system has been rotated and local Cartesian coordinates x and 
y ( not to be confused with display coordinates u and v ) have been defined for convenience. 

Table 1. Polar and Local Rectangular Coordinates 



Point 


Polar 


Rectangular 


P 


( Ro + f R • Ao + f A ) 


{ ( R 0 + f R ) sin ( F ) , ( R 0 + f R ) cos ( F ) ) 


ul 


( R 0 . A o ) 


( -R 0 sin ( A ) , R 0 cos ( A ) ) 


ur 


■ (Ro. Aq + 1 ) 


( R 0 sin ( A ) , R 0 cos ( A ) ) 


II 


(R 0 + 1 . Aq) 


(-( R 0 + 1)sin(A),(R 0 + 1)cos(A)) 


Ir 


( R 0 + 1 , Aq + 1 ) 


((Ro + 1 )sin(A),(R 0 + 1 ) 008(A)) ■ 



Having established the positions of the four reference points and the transform point in the new 
rectangular space, proceed with the bilinear interpolation, noting any distortions arising from the 
polar format of the data. 

First, consider the y dimension. Each reference point's y coordinate is scaled by a factor of cos 
( A ), whereas the y coordinate of p is scaled by cos { F ), which can vary in value from 1 to 
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cos ( A ). The maximum distortion of p's y position occurs when p lies on the y axis, i.e., when f A 
= 0.5. In this case, the positional distortion and thus the interpolation accuracy will be a function 
of radial position ( range ) and azimuthal step size, i.e., the number of data scan directions. For 
example, if there are 64 range bins and 128 scan angles spread over a full circle/then the 
maximum distortion will be 64 * ( 1 - cos ( tc/128 ) ) = 0.02 range bins. This implies that if R 0 = 64 
and f A = 0.5, the point p will lie 0.02 range bin lower ( farther from the origin ) than indicated by 
f R . To correct for this effect, the user would increase f R by 0.02 before interpolating radially. 
Without this correction term, proceed with the first dimension of a conventional bilinear 
interpolation, multiplying the values at ul and ur by ( 1 - f R ) and the values at II and Ir by f R . To 
apply the correction, replace f R with f R , where: 

f R ' = f R + ( R 0 + f R ) ( cos ( n ( 1 - 2f A ) / N ) - cos ( tc/N ) ) 

The correction term vanishes as the transformed point approaches one of the source data 
azimuthal axes, i.e, as f A approaches 0 or 1 .0. Furthermore, the error grows linearly with range. 
Perhaps the simplest way to handle this is to increase the size of the coefficient table, so that it 
can be addressed jointly by f R , R 0 , and f A , instead of only f R and f A . 

Using similar logic, examine distortion in the x direction, to compute the appropriate adjustment 
for f A . The x coordinates of points ul and ur are - R 0 sin ( tc/N ) and R 0 sin ( tc/N ), respectively, 
whereas the x coordinate of p is ( R 0 + f R ) sin ( tc( 1 - 2f A ) / N ), and the x coordinates of the two 
lower reference points are -( R 0 + 1 ) sin ( tc/N ) and ( R 0 + 1 ) sin ( tc/N ). With no geometric 
correction, one would execute the second dimension of the bilinear interpolation by multiplying ul 
and II by ( 1 - f A ) and ur and Ir by f A . 

To apply a geometric correction to the second dimension of the bilinear interpolation, note first 
that the distance between the two lower reference points is L = 2 ( R 0 + 1 ) sin ( tc/N ), whereas 
the x coordinate of p is ( R 0 + f R ) sin ( tc( 1 - 2f A ) /N ). The horizontal projections of the 
distances from II to p and from p to Ir are M = ( R 0 + 1 ) sin ( tc/N ) - ( R 0 + f R ) sin ( tc( 1 - 2f A ) /N ) 
and N = ( R 0 + 1 ) sin ( tc/N ) + ( R 0 + f R ) sin ( tc( 1 - 2f A ) VN ), respectively. Instead of multiplying 
II by ( 1 - f A ), multiply it by N / L. Similarly, to apply the geometric correction to Ir, multiply it by 
M/L instead of f A . 

Finally, the problem of horizontal interpolation between the two upper reference points, ul and ur, 
is addressed. With no geometric correction, ul is multiplied by ( 1 - f A ) and ur by f A . If p's x 
coordinate falls between -R 0 sin ( tc/N ) and +R 0 sin ( tc/N ), then define I, m, and n following the 
development of L, M, and N in the previous paragraph, viz: 

I = 2 (R 0 ) sin (tc/N), m = R 0 sin (tc/N) - (R 0 + f R ) sin (tc(1 - 2f A ) /N), and 
n = R 0 sin ( tc/N ) + ( R 0 + f R ) sin ( tc( 1 - 2 f A ) /N ). 

Then, multiplying ul by n/l and ur by m/l will yield a geometrically corrected result. 

The problem with this approach is that it doesn't satisfactorily address p's which fall near one of 
the azimuthal axes, such that x ( p ) is between x ( ul ) and x ( II ) or between x ( ur ) and x ( Ir ), 
as in the shaded regions of Figure 2. The denser our set of data - bearing azimuthal scanlines, 



7-190 



Raytheon Semiconductor 



For More Information call 1-800-722-7074. 



TP-52A 



the less significant this problem is. One fairly clean way to handle the problem is to reduce the 
bilinear interpolation to a one - dimensional linear interpolation in such cases, taking advantage 
of the proximity of p to two known data points. Thus, as f A approaches 0, compute the value of p 
as: 

v(p)-ul(1-f R ) + ll(f R ) 

As f A approaches 1 .0, one would use a similar one - dimensional interpolation, substituting ur for 
ul and Ir for II. 

To decide if and when to employ a geometric correction in polar data resampling, the user should 
run a series of test simulations with simple geometrical shapes as source data and watch for 
distortions and other artifacts during resampling. If present, artifacts will generally be most 
noticeable at the largest radii. Alternatively, the user can employ the geometric correction 
equations presented in this paper to calculate the worst - case spatial distortion and then judge 
whether this would be visually objectionable. 
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Introduction 

The RC4193 and RC4391 are low power switch- 
ing regulator control ICs, complete with all the 
active components needed to build small power 
supplies. The 4193 is dedicated to step up appli- 
cations (Vin < Vqut) and uses an internal NPN 
power transistor, while the 4391 is set up for step 
down (Vin > Vqut) and inverting (positive input, 
negative output) applications, and includes a 
PNP power transistor. More detailed informa- 
tion, such as pin out, specifications, and basic 
usage are contained in the RC41 91/41 92/41 93 
Data Sheet and the RC4391 Data Sheet. This 
application note is intended to supplement the 
data sheets; it provides extra application circuits 
plus additional design and troubleshooting aids. 

First is a brief section with guidelines for deter- 
mining whether these micropower regulators 
meet your application requirements. Next is a 
discussion of the internal oscillator. Limitations 
and characteristics of the oscillator are provided, 
along with some circuits that use the oscillator 
(Cx) pin for other purposes. After the oscillator 
section is a very basic 4391 application (step 
down) which was not included in the RC4391 
Data Sheet. Following this step down applica- 
tion are some specifically tailored 4193 applica- 
tion circuits, with specifications and PC card 
layouts. These dual op amp supply applications 
give the reader good examples of the size, 
simplicity, and performance made practical by 
the RC4193 and RC4391. 

Near the end of this application note is a section 
on designing a pot core inductor to fill the re- 
quirement for an external inductor. This inductor 
design guide was intended for engineers without 
a strong background in magnetics; it shows how 
to select a core and wind it properly without an 
excess of equations or complex calculations 
that confuse many first time switching regulator 
users. Included are design examples that start 
with the application requirements and end up 
with a finished pot core design. 

Last is a troubleshooting chart listing common 
prototype breadboarding problems and possible 
causes and cures. 



Application Suitability 

Selecting the best switching regulator controller 
for a given application means reviewing the 
strengths and weaknesses of the controllers 
available and deciding which fits in your niche. 
The main strengths of Raytheon's 4193 and 4391 



are their small size, low quiescent current, and 
versatility; the weaknesses are relatively low 
power transistor current rating (375mA), im- 
precise oscillator frequency, higher EMI (electro- 
magnetic interference), and single ended output. 

1. Small Size 

The Raytheon circuits are packaged in an 
8-lead mini-DIR and this combined with the 
low external component count reduces the 
amount of PC board area needed to about 1 
inch 2 . Also, they work well up to 75kHz, 
reducing the size of the inductor core re- 
quired. Therefore on card power supplies 
where the regulator is built on the same PC 
board with other circuitry are practical and 
cost effective. Competitive manufacturers' 
controllers usually come in 14 or 16 lead 
packages and require more external 
components. 

2. Efficiency 

The efficiency depends on two major factors: 
The ratio of controller power consumption to 
load power, and the saturation voltage of the 
power switch transistor. First, 4193 and 4391 
feature very low supply current, so the 
power consumed will be very low compared 
to the load power. If the load power is high 
then this feature loses importance, and con- 
trollers with milliamps of supply current 
become acceptable. Second, the saturation 
voltage of the power switch transistor will 
reduce efficiency at high switch currents. 
External switch transistors can help here, but 
add to circuit complexity and cost. Below 
are some general guidelines for efficiency 
and load power, showing the range of power 
that Raytheon's circuits are practical for. 



Load Power 


Efficiency 


Comments 


4193 


4391 


0 to 150mW 


70 to 80% 


60 to 70% 


Ideal range 


150 to 400mW 


60 to 70% 


50 to 60% 


Somewhat 
reduced efficiency 


400mW to 
10W 


50 to 80% 


60 to 80% 


External power 
transistor 


>10W 


Impractical for 4193/4391 due to 
imprecise oscillator frequency 



3. Versatility 



Between the 4193 and the 4391 all the stan- 
dard switcher configurations can be built 
using a minimum of external components. 
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The 4193 is dedicated to step up applications 
and the 4391 covers inverting and step down 
applications. Also, a variety of other features 
are possible using the remote shutdown 
capability and low battery detection circuitry 
(see the applications in the 4191/4192/4193 
Data Sheet and later in this publication for 
examples). 

4. Oscillator Tolerance 

Because the oscillator is constructed with 
diffused resistors the initial accuracy and 
drift with temperature of the oscillator fre- 
quency is poor. Therefore, the application 
circuit must be overdesigned so that units 
with a higher than nominal frequency will 
meet the output load current drain, and units 
with a lower than nominal frequency do not 
overcurrent or overheat the power transistor 
or overcurrent and saturate the inductor. At 
high load power (> 10W) this variation 
becomes impractical, since an increase in 
component specifications tolerable at lower 
power becomes expensive and bulky at high 
power. See the section titled "Oscillator" for 
more information. 



5. EMI (Electromagnetic Interference) 

The 4193 and 4391 use a variable duty cycle 
method of feedback control rather than 
pulse width modulation (PWM) control. 
Under reduced load current or no load con- 
ditions the duty cycle will be greatly reduced 
and the short pulses produced will cause 
greater RF radiation, due to the increased 
high frequency components of the voltage 
switching waveform at the switch transistor. 
This problem of somewhat greater EMI at 
low loads is offset by the benefit of variable 
duty cycle control having no minimum load 
required. PWM circuits usually require some 
minimum load current to maintain regulation. 



Oscillator 

Internal Design 

The oscillator creates its square wave like the 
popular RC555 timer does: by the charge and 
discharge of a capacitor, controlled by two volt- 
age level detectors and a current steering flip- 
flop. See Figure 1. 



o +Vs 




Figure 1. Oscillator Block Diagram and Waveforms 
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When power is first applied, the timing capacitor 
Cx charges up from a constant current source I, 
integrating the current into a linear voltage 
ramp. The voltage ramps up until it reaches the 
upper comparator threshold, at which time a 
current sink 21 which subtracts from I is 
switched in; the resultant negative current dis- 
charges Cx- The voltage on Cx then ramps 
downward, until it hits a lower threshold voltage, 
switching 21 out, and the voltage again ramps 
upward. This cycle repeats itself endlessly and 
the resultant triangular waveform can be ob- 
served at the Cx pin. The square wave output is 
internal and cannot be directly observed. Note 
also that the 10pF capacitance of a 10X scope 
probe will change the frequency of oscillation. 

The internal power transistor switches at the 
peaks of the triangle wave. The two Raytheon 
parts switch at opposite phases of the triangle; 
when the power transistor of the 4193 is on and 
the triangle wave on Cx is ramping down, the 
4391 's transistor is off. This means that when 
power is first applied, the 4193's transistor is on, 
a hard start condition that can cause latch up 
and excess supply current (the 4391 starts up 
with its transistor off). This hard start condition 
is easily cured with the addition of one capacitor 
(see the section "Soft Start" for details). 

Frequency Accuracy 

The oscillator was designed to be simple and 
operate down at low supply voltages, and as a 
result the initial frequency accuracy and drift 
with temperature are poor. All application de- 
signs must take this variation into account. Use 
±30% tolerance in figuring worst case com- 
ponent values and ratings, ensuring that the 
inductor value is low enough for those units with 
a high oscillator frequency, and that the inductor 
and power transistor have a high enough peak 
current rating to cover those units whose oscil- 
lator frequency is lower than nominal. This 
±30% tolerance is most important to high power 
applications, especially when selecting external 
power transistors and inductor cores. 

Synchronized Oscillator 

If a TTL or CMOS square wave is available the 
internal oscillator may be slaved to the external 
signal. Figure 2 shows the one resistor interface. 

In addition to its use in easing component toler- 
ance problems this interface can help in trouble- 
shooting switching problems on prototype 
breadboards. The truth table (Figure 3) shows 



what state the internal power transistor will be in 
for combinations of Cx pin and V FB pin 
conditions. 



4193/4391 



Cx 



Input 



X 47K 



Figure 2. Synchronized Oscillator Interface 



Cx 


V FB * 


L X (4193) 


Lx (4391) 


High 


High 


Off 


Off 


High 


Low 


On 


Off 


Low 


High 


Off 


On 


Low 


Low 


Off 


Off 



*"High" = tied to supply through 100K 
"Low" = tied to ground through 100K 
"Low" = tied to negative voltage through 100K 
(4391 only) 

Figure 3. Truth Table for Cx and Vfb 
(Static Conditions) 

Duty Cycle 

There is a 5juS turn off delay of the 4193 power 
transistor (3/*S for the 4391). When on, the tran- 
sistor saturates and remains on 5/zS after the 
oscillator (Cx) transition. This causes the maxi- 
mum duty cycle to be greater than 50%, and 
increases with increasing oscillator frequency. 
For this reason application designs should be 
limited to 75kHz maximum operating frequency. 

The duty cycle can be varied somewhat by con- 
necting a high value resistor between the Cx pin 
and either ground or +V$. Note the difference in 
polarity between the 4193 and 4391; a pull up 
resistor decreases the 4391 duty cycle and in- 
creases the 4193 duty cycle. Limit the current in 
this resistor to 0.5/xA (2MH from Cx to ground). 

The variable duty cycle method of feedback 
control used (as opposed to PWM) turns on the 
switch transistor only when the load demands 
current. This feedback system responds to a 
wide range of load currents, and regulates 
tightly from no load to full load where other sys- 
tems require a minimum load. However, this on 
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demand system can make the oscillator appear 
"noisy," as its voltage waveform may not be in 
synchronization with the oscillator waveform. 
This is a normal operating condition, but may 
cause extra EMI (electromagnetic interference) 
under reduced output loading conditions. 

Soft Start 

At the moment power is applied the 4193 is fully 
on, and the resultant current spike can cause 
the supply voltage to sag or the inductor to 
saturate and complicate startup. Many of these 
problems can easily be cured by adding a capa- 
citor to the startup circuit as shown in Figure 4. 



In this case the open collector LBD (Low Battery 
Detector) output clamps the oscillator pin (Cx) 
low and forces the power transistor off. Slowly 
the capacitor C will charge up to the LBR thres- 
hold. When the +1.3V threshold is reached, the 
LBD comparator will reverse its state and un- 
clamp the oscillator, allowing it to run freely and 
toggle the power transistor. This can be used for 
much longer delays than the soft start circuit. 

Current Limiting 

The oscillator (Cx) pin can also be used to add 
short circuit protection in a method similar to 
the external sync interface. A transistor Vbe is 
used as a current sensing comparator which 
resets the oscillator upon sensing an over- 
current condition, thus providing cycle-by-cycle 
current limiting. Figure 6 shows how this is 
applied to the 4391 in an inverting application. 



r 



RC4193 



Figure 4. Soft Start Circuit 

The delay introduced by the RC time constant at 
startup allows the output filter capacitor to 
charge up before the power transistor switches 
on, reducing the instantaneous supply current. 
A typical value for C is in the O.VF to 1.0/*F 
range. 

Delayed Start 

A more sophisticated delay start feature may be 
added by use of the low battery detector. See 
Figure 5 for a schematic. 




+v s 



2N3906 
or equiv. 

Cx 



+V S 



Cx 



4391 



Figure 5. Delayed Startup Circuit 



Figure 6. 4391 Short Circuit Current Limit 

This idea is not as easy to implement with the 
4193, because its Cx pin must be clamped low 
instead of high to force the output transistor off. 
The emitter of the output transistor is internally 
connected to ground, so putting a resistor in 
series is not possible. This idea will work for 
external transistors though, and a schematic is 
shown in Figure 7. 



4391 Step Down 

The next section describes a new 4391 appli- 
cation, using the 4391 to provide the step down 
or "buck" configuration instead of using a 4193 
plus external transistor. This application is 
important because it eliminates the external 
transistor in low power step down applications 
(saving PC real estate and parts costs) and also 
extends the input voltage range. 

Figures 8 and 9 show block diagrams of how 
this trick is done. In Figure 8 the ground pin of 
the device is connected to circuit ground, and 
the circuit regulates to a lower output voltage. 
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65-021 60A 



Figure 7. Typical High Power Interface With Current Limit (4193) 
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65-021 09A 



Figure 8. Normal 4391 Inverting Circuit 
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Figure 9. New 4391 Step-Down Circuit 



Regulating to a voltage lower than ground pro- 
vides the normal (positive input, negative out- 
put) inverting circuit. Figure 9 shows the ground 
pin of the device connected to a positive output 
voltage instead of circuit ground. This connec- 
tion increases the supply voltage range, in- 
creases efficiency, and renders the 4193 step- 
down circuits obsolete. 

The standard step-down application for the 4193 
regulator requires the use of an extra external 
PNP transistor. The reason for this is that the 
power switch transistor internal to the 4193 is an 
open collector NPN with its emitter tied to 
ground, and the step-down mode needs a PNP 
with its emitter wired to the positive supply. The 
4391 application shown in Figure 10 eliminates 
the extra transistor in step-down circuits. 

The 4391, ordinarily an inverting regulator (posi- 
tive in, negative out), requires that the output 
voltage sensed by the feedback resistor to be a 
negative voltage with respect to the ground pin 
of the device. In this step-down circuit the 4391 
is tricked into believing that the output is nega- 
tive by wiring its ground pin to the output filter 
capacitor and its feedback resistor to the nega- 
tive terminal of the battery. 

When power is first applied, the 4391 senses that 
the feedback point is not negative enough with 
respect to its ground. Therefore, the transistor 
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Vbat3I 




+v s L X 



GND 



I 



+ VouT 
-o (5V as shown) 



T 



IMPORTANT NOTE: This circuit must have a minimum load current > 1mA always connected. 
Figure 10. Low Power Step-Down Supply 



switches, and pumps charge into the filter capa- 
citor, raising the ground pin with respect to the 
negative battery terminal until it starts to regu- 
late. Thereafter the feedback system will main- 
tain a programmed voltage across the capacitor 
[Vout = (1-3V)(R2/R1)]. 

A side benefit of this arrangement is increased 
efficiency, because the supply voltage applied 



across the 4391 is less than the battery voltage 
(applied voltage = Vbat - Vout)- ^ nis means 
that less power is consumed by the regulator 
and so it subtracts less from the efficiency. 

Figure 11 shows how the supply voltage range 
can be extended using a zener diode connected 
in parallel with the device. This zener protects 
the 4391 from start up transients. When power is 




VOUT 
(50V as shown) 



Figure 11. High Voltage Step-Down Supply 
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first applied the output filter capacitor is dis- 
charged, so the entire supply voltage is momen- 
tarily applied across the 4391. The zener diode 
provides a shunt path around the device so that 
the spike of current required to charge the out- 
put capacitor up to its regulated voltage does 
not flow through the 4391 and possibly damage 
it. Using this zener shunt gives the circuit capa- 
bility to handle very high input voltages, pro- 
vided the difference between input and output is 
within the 30V rating of the 4391. For example, a 
75V supply could be safely regulated to 50V 
output, and could regulate to an even lower 
output voltage if a series zener (like the optional 
zener in Figure 12) is added. 



4193 Low Voltage Start-Up 

Figure 13 shows how the bootstrapped applica- 
tion can be "kicked on" using an extra capacitor 
and triple pole double throw switch. This con- 
nection allows the circuit to start up using a 
single Ni-Cad cell of 1.6 to 1.2V. When power is 
first applied the 1.2V battery does not provide 
enough voltage to meet the minimum 2.4V sup- 
ply voltage requirement. The 22juF capacitor, 
when switched, temporarily doubles the battery 
voltage to bias up the 4193. 

When the switch is in the down position, the 
capacitor charges up to the battery voltage. 



Then, when the switch is changed to the up 
position, the capacitor is put in series connec- 
tion with the battery, and the doubled voltage is 
applied directly to the positive power supply 
lead of the 4193. This voltage is enough to bias 
the junctions internal to the 4193 and gets it 
started. Then, when the stepped up output volt- 
age reaches a high enough value, diode D1 is 
forward biased and the output voltage takes 
over supplying power to the 4193. The circuit is 
shown with component values for +5V output, 
but the circuit can be set up for other voltages. 

±12V Transformer Coupled 
Application 

Transformer switching regulators have one great 
advantage over the standard single winding in- 
ductor applications: multiple windings can be 
taken from the secondary to produce multiple 
DC output voltages. Two output voltages are 
generated by the example below, the first being 
a well regulated +12V and the second being an 
unregulated -12V. The circuit could be built 
using two switching regulators (4391 and 4193) 
to provide two well regulated output voltages, 
but that approach requires two ICs, two inductor 
cores, and twice as much board space. The 
transformer coupled circuit eliminates much of 
this hardware at some expense of load and line 
regulation and winding complexity. 
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r 

"L 



TIP 125 



"V" 



MBR 140P 

W-i 



2N3498 



"Optional — Extends supply voltage range 
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Figure 12. High Power Step-Down Supply 
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D1 = 1N914 or equivalent 

D2 = Motorola MBR140P (power Schottky) or equivalent 



Figure 13. Low Voltage Start-Up (Bootstrapped Operation) 



Transformer coupled 4193 circuits are neces- 
sarily single ended (as opposed to push-pull) 
because only one output transistor is included 
within the IC. This single ended output exagger- 
ates one major disadvantage of transformer 
applications, the size of the core needed. Push- 
pull circuits utilize 100% of the flux capability of 
a given core, while single ended circuits utilize 
only 50%. Thus in single ended applications the 



core must be larger to meet the same output 
power requirement. So single ended transformer 
applications should be limited to lower load 
power applications (less than 10W). In this 
example a combination of step-up and trans- 
former coupling is used in order to simplify the 
winding arrangement (only two windings 
needed). See Figure 14. 



' +v s 



+VQUT 
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-VOUT 
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-JTTL 




+VQUT 



a) Simple Step-Up b) Simple Transformer c) Transformer Plus Step-Up 

Figure 14. Circuit Topology 
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T1 = 14mm x 8mm power pot core with .012 inch air gap (use 28 gauge magnet wire) 
NOTE: +Vqut m ust have a minimum load for proper operation (see Figure 16) 



Figure 15. ±12V Transformer Coupled Power Supply 



The power supply converts +5V TTL supply 
voltage into ±12V output voltages. Load and line 
regulation are traded away for simplicity and 
low cost; the negative output has no line regula- 
tion, and poor (but acceptable for many pur- 
poses) load regulation. In return this supply 
needs only a minimum of expensive com- 
ponents: a single 4193 and one inductor core 
constitute the majority of cost. 

The positive output voltage exhibits the good 
regulation of other 4193 applications, because 
the feedback control is derived from the positive 
output, and changes in input voltage or load 
current are compensated for by adjusted duty 
cycle. 

Line regulation at the negative output is OdB; 
any change in input voltage is seen at the nega- 
tive output. This is because of transformer coup- 
ling. The input/output relationship of a trans- 
former is given by: 



Vp 
V S 



Np 
N s 



where: Vp = Primary DC Voltage 

Vs = Secondary DC Voltage 
N = Number of turns 

In this case the DC voltage at the primary is the 
voltage applied when the switch transistor is off. 

V p = +Vout + V d -V,n 



As the supply voltage Vin is increased, Vs and, 
therefore, -Vqut will decrease in direct propor- 
tion. This means that a preregulated voltage 
supply, such as a +5V TTL supply, must be used 
(rather than a battery which will decay). 

Load regulation at the negative output is a func- 
tion of the current drawn from both outputs. 
Though obviously not a precision output, this 
negative voltage is good enough for many op 
amp type applications, and if necessary can be 
post regulated with a three terminal series volt- 
age regulator. See Figure 16 for a graph of nega- 
tive load regulation. 
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Figure 16. Negative Output Load Regulation 
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±12V Transformer Coupled Power Supply 
Specifications 

Output Voltage ±12 Volts 

Input Voltage +5 Volts 

Output Current ±12 Milliamps 

Efficiency 60% 

Ripple 100mV p _p 



Secondary 



Drill Out 




+12Vout -12VouT- 



simple off the shelf two terminal inductor is the 
only magnetic component required. 

There is a tradeoff, however, resulting from 
using this capacitor coupled inverting circuit 
instead of an extra winding. Unbalanced output 
voltages result where the value of the negative 
output voltage is always a diode drop less than 
the positive. Therefore, a Raytheon 4195 series- 
pass dual tracking regulator IC is added after 
the 4193 in order to produce balanced outputs. 
Use of a linear series pass regulator reduces the 
efficiency greatly, so therefore the tradeoff for 
using the capacitor coupled circuitry is a loss of 
efficiency (reduced to about 35-40%). Because 
of this lowered efficiency battery applications 
are less suitable, but the circuits strong points 
(small size and low cost) make it useful for a 
range of on-card applications. 

A side benefit from the 4195 linear regulator is 
reduced ripple and noise at the output. Also, 
both the positive and negative outputs are 
tightly regulated. 



Figure 17. ±12V Power Supply Component 
Placement Diagram 



+18.5V 




Figure 18. Transformer Coupled Supply 1X PC 
Board Layout (Component Side View) 

Capacitor Coupled ±15V Power 
Supply 

This application circuit is similar to the trans- 
former coupled ±12V power supply in that it 
uses just a single 4193 IC and one inductor core, 
but in this case the negative output is created by 
a capacitor-diode inverting circuit tapping the l_x 
pin. So, the extra winding needed in the trans- 
former coupled circuit is eliminated, and a 
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Figure 19. Capacitor Coupled Supply 
(Block Diagram) 

Figure 20 shows a complete schematic of the 
capacitor coupled supply including the 4195 
linear regulator. 

The switching regulator portion of the circuit 
steps up and charges its positive output (Point 
A) normally through the flyback connection of 
D1. (NOTE: If the 4195 is removed point A can 
be used as a single +15V supply with an output 
current capability of 20mA at an efficiency of 
60%.) The voltage at point A is regulated via a 
feedback signal set by R2 and R3 [V A = (R2/R3 
+ 1) V REF ]. This +18.5V at point A is then 
stepped down to +15V by the 4195. 

The negative voltage at point B is developed 
through the 10/xF coupling capacitor and D2, 
D3. When the inductor is discharging into point 
A the l_x terminal rises to one diode drop above 
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* = 11mm x 7mm power pot core with 70 turns and .02 inch CP. air gap 
D1,2,3= 1N914 



Figure 20. ±15V Capacitor Coupled Supply 



the voltage at point A. During this discharge Specifications for ±15V Capacitor Coupled 



time the coupling capacitor charges through D3, Power Supply 
which is forward-biased. Then, when the next 

oscillator cycle starts the Lx terminal is forced Output Voltage +15V ±.5V 

nearly to ground by the internal power tran- " _-|5v + 5V 

sistor, and the more positively charged side of Output Current ±8mA 

the capacitor is held at close to ground potential. input Voltage Range . . . . . . . . . . +4.5V to +8.0V 

So D3 is then reverse-biased, D2 is forward- Output Voltage Ripple < 5mV DD 

biased, and the capacitor discharges into point Load Regulation < 5mV 

B. Thus point B is charged to a negative voltage (no load to full load) 

(=1V less than the magnitude of point A) with Operating Temperature 

each oscillator cycle. This negative voltage is Range -35° C to +85° C 

then stepped down to -15V by the 4195. 



For More Information, call 1-800-722-7074. 



Raytheon Semiconductor 



7-205 



RC4193/4391 




Figure 21. ±15V Power Supply 2X Component 

Placement Diagram (Component Figure 22. ±15V Power Supply 1X PC Card 

Side View) Layout (Component Side View) 



Pot Core Inductor Design 




Figure 23. Electricity Versus Magnetism 
Electricity Versus Magnetism 

Electrically the inductor must meet just one 
requirement, but that requirement can be hard 
to satisfy. The inductor must exhibit the correct 
value of inductance (L, in Henrys) as the in- 
ductor current rises to its highest operating 
value (Imax)- This requirement can be met most 
simply by choosing a very large core and wind- 
ing it until it reaches the correct inductance 
value, but that brute force technique wastes size, 
weight and money. A more efficient design 
technique must be used. 



Question: What happens if too small a core is 
used? 

First, one must understand how the inductor's 
magnetic field works. The magnetic circuit in 
the inductor is very similar to a simple resistive 
electrical circuit (see Figure 23). There is a 
magnetizing force (H, in oersteds), a flow of 
magnetism, or flux density (B, in Gauss), and a 
resistance to the flux, called permeability (U, in 
Gauss per oersted). H is equivalent to voltage in 
the electrical model, flux density is like current 
flow, and permeability is like resistance (except 
for two important differences discussed below). 
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First Difference: Permeability, instead of being 
analogous to resistance, is actually more like 
conductance (1/R). As permeability increases, 
flux increases. 

Second Difference: Resistance is a linear func- 
tion. As voltage increases, current increases 
proportionally, and the resistance value stays the 
same. In a magnetic circuit the value of perme- 
ability varies as the applied magnetic force 
varies. This nonlinear characteristic is usually 
shown in graph form in ferrite core manu- 
facturer's data sheets. See Figure 24. 



6000 




H Oersteds 



Figure 24. Typical Manufacturer's Curve 
Showing Saturation Effects 

As the applied magnetizing force increases, at 
some point the permeability will start decreas- 
ing, and therefore the amount of magnetic flux 
will not increase any further, even as the magne- 
tizing force increases. The physical reality is 
that, at the point where the permeability de- 
creases, the magnetic field has realigned all of 
the magnetic domains in the core material. 
Once all of the domains have been aligned the 
core will then carry no more flux than just air; it 
becomes as if there were no core at all. This 
phenomenon is called saturation. Because the 
inductance value, L, is dependent on the 
amount of flux, core saturation will cause the 
value of L to decrease dramatically, in turn caus- 
ing excessive and possibly destructive inductor 
current. 

Pot Cores for 4193/4391 

Pot core inductors are best suited for Raytheon's 
micropower switching regulators for several 
reasons: 

1. They are available in a wide range of sizes. 

4193/4391 applications are usually low power 



with relatively low peak currents (less than 
500mA). A small inexpensive pot core can be 
chosen to meet the circuit requirements. 

2. Pot cores are easily mounted. They can be 
bolted directly to the PC card adjacent to the 
regulator IC. 

3. Pot cores can be easily air-gapped. The 

length of the gap is simply adjusted using 
different washer thicknesses. Cores are also 
available with predetermined air gaps. 

4. Electromagnetic interference is kept to a 
minimum. The completely enclosed design 
of a pot core reduces stray electromagnetic 
radiation — an important consideration if the 
regulator circuit is built on a PC card with 
other circuitry. 

Core Size 

Question: Is core size selected according to 
load power? 

Not quite. Core size is dependent on the amount 
of energy stored, not on load power. Raising the 
operating frequency allows smaller cores and 
windings. Reduction of the size of the magnetics 
is the main reason switching regulator design 
tends toward higher operating frequency. De- 
signs with the 4193/4391 should use 75kHz as a 
maximum running frequency, because the turn 
off delay of the power transistor and stray capa- 
citive coupling begin to interfere. Most applica- 
tions are in the 10 to 50kHz range, for efficiency 
and EMI reasons. 

The peak inductor current (Imax) rnust reach a 
high enough value to meet the load current 
drain. If the operating frequency is increased, 
and simultaneously the inductor value is de- 
creased, then the core can be made smaller. For 
a given core size and winding, an increase in air 
gap spacing (an air gap is a break in the 
material in the magnetic path, like a section 
broken off a doughnut) will cause the induc- 
tance to decrease and Imax (the usable peak 
current before saturation) to increase. 

The curves shown in Figure 25 are typical of the 
ferrite manufacturer's power HF material, such 
as Siemens N27 or Stackpole 24B, which are 
usually offered in standard millimeter sizes in- 
cluding the sizes shown. 

Use of the Design Aid Graph (Figure 25) 

1. From the application requirement, determine 
the inductor value (L) and the required peak 
current (I M ax)- 
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*lncludes safety margin (25%) to ensure nonsaturation. 



Figure 25. Inductor Design Aid 



2. Observe the curves of the design aid graph 
and determine the smallest core that meets 
both the L and I requirements. 

3. Note the approximate air gap at I max for the 
selected core, and order the core with the 
gap. (If the gapping is done by the user, re- 
member that a washer spacer results in an 
air gap of twice the washer thickness, be- 
cause two gaps will be created, one at the 
center post and one at the rim, like taking 
two bites from a doughnut.) 

4. If the required inductance is equal to the 
indicated value on the graph, then wind the 
core with the number of turns shown in the 
table of sizes. The turns given are the maxi- 
mum number for that gauge of wire that can 
be easily wound in the cores winding area. 

5. If the required inductance is less than the 
value indicated on the graph, a simple calcul- 
ation must be done to find the adjusted 
number of turns. Find A|_ (inductance index) 
for a specific air gap. 



L (indicated) 
Turns 2 



A|_ (in Henrys/turn 2 ) 



take the square root to find the actual turns 
needed. 

L (required) 



Actual Turns = 



A L 



Then divide the required inductance value 
by A[_ to give the actual turns squared, and 



If the actual number of turns is significantly 
less than the number from the table then the 
wire size can be increased to use up the left- 
over winding area and reduce resistive 
losses. 

6. Wind and gap the core as per calculations, 
and measure the value with an inductance 
meter. Some adjustment of the number of 
turns may be necessary. 

The saturation characteristics may be 
checked with the inductor wired into the 
switching regulator application circuit. To do 
so, build and power up the circuit. Then 
clamp an oscilloscope current probe 
(recommend Tektronix P6042 or equivalent) 
around the inductor lead and monitor the 
current in the inductor. Draw the maximum 
load current from the application circuit so 
that the regulator is running at close to full 
duty cycle. Compare the waveform you see 
to those pictured in Figure 26. 

Check for saturation at the highest expected 
ambient temperature. 
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♦-'max 




"Imax 



Proper Operation 
(Waveform is Fairly Linear) 

Figure 26. Inductor Current Waveforms 



Improper Operation 
(Waveform is Nonlinear, Inductor is Saturating) 



7. After the operation in circuit has been 

checked, reassemble and pot the core using 
a potting compound recommended by the 
manufacturer. 

If the core material differs greatly in magnetic 
characteristics from the standard power material 
shown in Figure 25, then the following general 
equation can be used to help in winding and 
gapping. This equation can be used for any core 
geometry, such as an E-E core. 

■ ,. (1-26)(N*)(Ae)(10») 
x g = (le/ue) 

Where: N = number of turns 

Ae = core area from data sheet (in cm 2 ) 
le = magnetic path length from data 

sheet (in cm) 
ue = permeability of core from manu- 
facturer's graph 
g = center post air gap (in cm) 

Manufacturers 

Below is a list of several pot core manufacturers: 

Ferroxcube Company 
5083 Kings Highway 
Saugerties, NY 12477 

Indiana General Electronics 
Keasley, NJ 08832 

Siemens Company 
186 Wood Avenue South 
Iselin, NJ 08830 

Stackpole Company 
201 Stackpole Street 
St. Mary, PA 15857 



TDK Electronics 
13-1, 1-Chome 
Nihonbaski, Chuo-ku, Tokyo 

Tohoku Metal Ind. 
13-7, 6-Chome 
Ginza, Chuo-ku, Tokyo 



Design Examples 

Design Example One: 25kHz 4391 Inverter 

Application requirements: 

-V 0 ut = 11-3V 

+V S = 6V 
'load = 50mA 

Inductor Approximation (See Figure 27) 

1. Find Ton- 

Ton^ ^ +3 M S= (2)( 2 5K) +3 M S = 23 M S 

2. FindTI: 



Tl= (v^Tvd) ToN= (^v) 23 ' lS = " ,1 ^ s 

3. Find I M ax^ 

'max - I — i ) (2Il) - 

V I MAX / 



(iS&) (2)(50mA) = 348mA 



For More Information, call 1-800-722-7074. 
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Charge 
I max- Slope = 
+¥§ 
Lx 



Discharge 
Slope = 
(Vqut + Vd) 

— 




T1 - ( L x) ('max) 
M " Vqut + Vd 



^M(ot) 

II _ Vs-Vsw 
Ton ~ Vout + Vp 




Idealized Schematic 
Figure 27. 23kHz 4391 Inverting Design Example 



4. Find Lx: 

5. Look up 400 mH and 350mA in Figure 25 — 
the point lies inside the #4 core area, so the 
smallest size core can be used. Estimate the 
air gap — at the 400juH 350mA point the air 
gap required is about .009". At .009" air gap, 
the inductance value is approximately 500/xH 
with a full (50 turn) winding. 

So 



A L : 



Turn 2 



500mH = 
50 2 



,2/iH/Turn 2 



The needed value of inductance is 400mH, so 
the actual number of turns = 



.2^H/N 2 



Turns (Actual) = J — 
= 44.7 Turns 



Round up to the next highest number — use 
45 turns. 



Design Example Two: 10kHz Step-Up 
Regulator 

Application requirements: 

+V 0 UT = 15V 
+V S = 5V 
'load = 100mA 

Inductor Approximation (See Figure 28) 

1. Find Tqn: 

Ton- ~ +5 M S= + 5/*S = 55,*S 

2. FindTI: 

T! = ( — J (Tqn) =( ~ WmS) = 26/uS 

\VouT + Vd-V Sy / ° N/ \15.7V-5V/ 



3. Find l M AX: 
'max 



a ti ; 



(2I L ) = 



(Sf) ( 2 )( 100mA ) = 770mA 
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Inductor 
Current 



Imax- Charge 
Slope = 

±Ys 
Lx 



Discharge 
Slope = 

(Vqut + Vd-Vs) 
Lx 



Switching 
Waveform 




T1 - 



-=-+vs 



Vsw -r 

X 



; vout 



(Lx) (Imax) 



Vout + v d - v s 

JL- Vs-Vsw 
Ton Vout + Vd - Vs 



T1- (-^ 
T1 " VV0UT + 



Vs - Vsw 



Vout + Vd - Vs 



I Ton 



Idealized Schematic 
Figure 28. 10kHz 4391 Step-Up Design Example 



4. Find Lx: 



Lx= (vouT + vd-Vs W 
\ 'max / 



Look up 360juH and 770mA in Figure 25 — 
the point lies between the #4 curve and the 
#3 curve, so the #3 core must be used. Esti- 
mate the air gap — by Figure 25 it is approx- 
imately .012". At .012", the inductance value 
with a full winding (60 turns) of 28 gauge 
wire is about 500/xH. 

So 



A L = ^=,38 M H/N 2 



The needed value of inductance is 360juH, so 



: 51 Turns 



.138/xH/N 2 



This leaves some extra winding space which 
could be filled by using the next larger wire 
size; in this case 26 gauge would work well. 

Design Example Three: 20kHz Step-Down 
(4193) 

Application requirements: 

+V 0U T = 20V 

+V S = 32V 

I LOAD = 200mA 

Inductor Approximation (See Figure 29) 
1. Find Tqn^ 

1 , _ ^ 1 



Tqn= 2f^ +5 " S (2)(20K) 



■ 5juS = 30/xS 
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•max- Charge 
Slope = 
Vs - Vqut 



Inductor 
Current 



Switching 
Waveform 



Vsw 



— +v s 



Discharge 
Slope = 
Vout - Vq 




T 



/ NOTE: Inductor current flows to load 
during Ton and T1 



-r % v out 



T1 = 



(Lx) (Imax) 
Vout - Vd 



Iload = (Imax)( To J 1 Toff + ton + Toff) 



T1 _ Vs - Vsw - Vqut 
Ton Vqut - Vd 



ti / Vs- Vsw -Vqut \, 
T1 "V Vqut-Vd j ToN 



Idealized Schematic 
Figure 29. 20kHz Step-Down Design Example 



2. FindTI: 



3. Find Imax"- 



'max 



2I L 



fo(TI+T ON ) 
(2) (200mA) 



20K(18.6mS + 30/xS) 
4. Find Lx: 



389mA 



Lx / vouT-Vd V T|) = 

\ "MAX / 

( 3 S) (18 ^ S) = 923 " H 

5. Look up 923/aH and 389mA in Figure 25 — 
the point lies between #3 and #4 cores so the 



#3 core must be used. Estimate the air gap 
— by Figure 25 it is approximately .005". At 
.005", the inductance value with a full wind- 
ing (60 turns) is about 1,000/xH. 

So 

A L =^i^277,H/Turn 2 



The needed value of inductance is 923juH, so 
Turns (Actual) = 



923mH 



.277 M H/N 2 



= 57.6 Turns 
Use 58 turns. 
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Appendix: Troubleshooting Chart 



Symptom 


Possible Problems 


Draws excessive supply current on 
start-up. 


Battery not "stiff" — inadequate supply 

bypass capacitor. 

Inductance value too low. 

Operating frequency too low. 

Hard start condition — see "soft start". 


Output voltage is low. 


Inductance value too high for Fop or core 
saturating. 


Inductor "sings" with audible hum. 


Not potted well or bolted loosely. 


Lx pin appears noisy — scope will not 
synchronize. 


Normal operating condition. 



1 -I MAX 

wmir \ I W I L-0 

Time 

Inductor current shows nonlinear 
waveform. 



Inductor is saturating: 

1. Core too small. 

2. Core too hot. 

3. Operating frequency too low. 



Z2 



-Imax 



J_l -0 



Waveform has resistive component: 

1. Wire size too small. 

2. Power transistor lacks base drive. 

3. Components not rated high enough. 

4. Battery has high series resistance. 



Time 

Inductor current shows nonlinear 
waveform. 



Poor efficiency. 



Core saturating. 
Diode or transistor: 

1. Not fast enough. 

2. Not rated for current level (high SAT). 
High series resistance. 

Operating frequency too high. 



Motorboating (erratic current pulses). 



Loop stability problem ■ 
capacitor. 



needs feedback 
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Ambient Temperature Oa) 

Standard temperature range devices have their 
temperature range specified in terms of the ambient 
temperature (still air) surrounding the converter. 

Analog Ground Voltage (Vagnd) 

Potential of the analog ground terminal with respect to 
the digital ground terminal. 

Analog Input Impedance (Rin) 
Although the input impedance of a flash A/D converter is 
largely capacitive, it does have a resistive component 
which is approximated with Rin, the input resistance. Rin 
varies with the input voltage. 

Aperture Error (Eap) 

Because there is an aperture of non-zero duration during 
which the A/D looks at a signal before conversion, there 
are errors introduced in the conversion. These errors are 
the effect of: aperture time (the amount of time during 
which the input signal is considered before conversion), 
aperture time uncertainty (the variation in aperture time) 
and aperture jitter which is the uncertainty in the starting 
instant of the aperture time. All of these effects are 
combined in a single parameter, Aperture Error (Eap). 
Aperture Errors cause a degradation of the SNR of the 
A/D converter with higher analog input frequencies and 
are estimated based upon this SNR degradation. 

Average Input Bias Current Drift (TCib) 

The ratio of change in input bias current to a change in 
ambient temperature, expressed in nanoamps per °C 
(nA/°C). 

TC _ »b@T(i)-Ib@T( 2 ) 
T (1) -T (2 ) 

Where T(i) and T(2) are the upper and lower limits of the 
specified temperature range. 

Average Input Offset Current Drift (TCios) 

The ratio of change in input offset voltage to a change in 
ambient temperature, expressed in microvolts per 
degree C0iV/°C). 



TC = Ios@T (1) -Iqs@T ( 2) 
T (1 )-T( 2 ) 

Where T(i) and T(2) are the upper and lower limits of the 
specified temperature range. 

Average Input Offset Voltage Drift (TCvos) 

The ratio of change in input offset voltage to a change in 
ambient temperature, expressed in microvolts per 
degree C(nV/°C). 

V0S@T(1)-Vqs@T(2) 
T (1) -T ( 2) 



TCvos ! 



Where T(i) and T(2) are the upper and lower limits of the 
specified temperature range. 

Bandwidth, reference (BWR) 

BWR specifies the maximum frequency at which the 
reference (Vref) may be exercised. It is a small signal 
parameter since in most cases the reference is only 
varied by a smail portion of its full-scale value. Exceeding 
the BWR specification may result in the same types of 
coding errors encountered when the BW specification is 
violated. 

Case Temperature He) 

For extended temperature range devices, the 
temperature range is specified in terms of the case 
temperature. 

Channel Separation (CS) 

The ratio of output voltage of an amplifier to the output 
voltage of an adjacent amplifier whose gain is 100, and 
whose inputs are grounded, expressed in decibels (dB). 
Channel separation is measured at the outputs of 
adjacent amplifiers: 

/100Vq(1)\ 

Channel Separation = 20LOGio \ Vo(2) / 
Where Vo(i) and Vq(2) are the independent and 
dependent amplifier output voltages. 
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Code Size (Q, CS) 

Code size is the size of the individual codes, from code 
transition to code transition. It is often expressed as a 
percentage of the ideal code size. The ideal code size is 
given by: 

Input Voltage Range 
2N 

Where N is the number of bits of resolution of the A/D 
converter. 

Q is also defined as the total number of quantizing levels 
or codes output by a converter (2N). 

Common Mode Rejection Ratio (CMRR) 

The ratio of change of input common mode voltage (both 
inputs swing together over a specified voltage range) to a 
change in input offset voltage, expressed in decibels (dB). 

<™-^(*s*«5Us) 

Where V|N(i) and V|N(2) are the upper and lower limits of 
the input common mode voltage range. 

Compliance 

The measure of the output impedance of a switch current 
source, given as a maximum current for a specified voltage 
change, in microamps (pA). 

Differential Gain (DG) 

Differential gain is defined as The difference between (1) 
the ratio of the output amplitudes of a small high-frequency 
sine wave signal at two stated levels of a low frequency 
signal on which it is superimposed and (2) unity" [1 J. 
Distortion-free processing of a color television signal 
demands that the amplitude of the chrominance signal not 
be affected by the luminance function. This is a relevant 
specification for the video industry since the saturation of 
the color being shown is represented by the amplitude of a 
small signal superimposed upon another signal which 
determines the brightness of the color. The standard 
method for measuring the differential gain of a device is by 
using a standardized test signal, known as a modulated 
ramp (refer to Figure 2). The output of the A/D is then 
reconstructed by a reference D/A and low pass filter; the 
resultant signal is displayed on a vectorscope which is 
defined in reference [2]. During DG measurements the 
vectorscope display will be fuzzy due to quantizing errors 
in the A/D and D/A. The measurement requires 
interpretation of the peak-to-peak curvature of the center of 
the waveform. There are theoretical bounds on differential 
gain performance described in [3]. The number specified 



on an A/D converter data sheet is the difference between 
the actual differential gain of the device and the 
theoretical performance. Figure 3 shows the typical test 
set-up that might be used in Differential Gain testing, 
which is described in more detail in reference [2]. 

Differential Nonlinearlty (DNL) 

The incremental error from an ideal 1 LSB analog output 
change when the input is changed 1 LSB; guaranteed 
monotonicity requires the differential nonlinearity error to 
be less than 1 LSB. Differential nonlinearity is expressed 
as a percentage of the full scale output. 

Differential Phase (DP) 

Differential Phase is defined a "the difference in output 
phase of a small, high-frequency, sine wave signal at the 
two state levels of a low frequency signal on which it is 
superimposed" [1]. Distortion-free processing of a color 
television signal demands that the phase of the 
chrominance signal not be affected by the luminance 
function. 

Differential phase errors appear on the T.V. screen as 
changes in the hue of the colors (tint) as the brightness 
changes. Differential phase testing is very similar to 
differential gain testing. The equipment shown in Figure 
3 is identical for both tests. The results are analyzed in 
the same manner as Differential Gain. Reference [2] 
also includes differential phase testing of A/D converters. 

Digital Input Capacitance (CO 

The amount of capacitive loading present at a digital 
input. Digital input capacitance is measured with a 
capacitance bridge, applying a 1 MHz signal to the input. 

Distortion (THD) 

The large signal harmonic distortion between input and 
output under closed loop conditions, expressed in 
percent at a specified frequency. 

Fuil Power Bandwidth (BW) 

Bandwidth specified for a Flash Analog-to-Digital (A/D) 
converter is different from the bandwidth specification 
given for a purely analog device. Before attenuation 
becomes a significant factor in the performance of the 
converter, other problems may arise, leading to 
degraded performance. Spurious and missing codes 
might be encountered when the analog input frequency 
exceeds the bandwidth specification. Bandwidth for an 
A/D converter is the maximum frequency full-scale input 
sinewave that can be accurately quantized by the A/D 
converter without spurious or missing codes. A spurious 
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code is a code which is grossly inaccurate, such as when 
the input signal is near mid-scale and an output code 
which is a full-scale output is generated. When the signal 
is reconstructed with a D/A converter, this spurious code 
looks like a glitch, and is therefore sometimes referred to 
as a glitch. Bandwidth is measured with worst case power 
supply conditions and sampling at the maximum sampling 
rate. (Fs). 

The test used to determine the bandwidth of an A/D 
converter is the "Beat Frequency Test." The principle 
behind this test is to use "aliasing" to convert a high- 
frequency input signal to a low-frequency output signal 
which is easier to analyze. This is done by providing the 
A/D converter with a high-frequency sine wave input, and 
then sampling the input at a rate offset by a small delta in 
frequency from an integral (N) multiple of the input 
frequency. A D/A converter is given every Nth A/D output; 
this produces an output signal of the A/D which is an 
aliased version of the input. In a typical set-up, the analog 
reconstruction (D/A output) is examined on an 
oscilloscope for spurious and missing codes. Figure 1 
shows a typical test set-up. A spurious code is defined as 
a non-continuous change in the output of the A/D which is 
not affected in the input signal. 

Full Scale Current (Ifs) 

The maximum current that can be obtained from the 
output, for a specified reference current, measured in 
milliamps (mA). A typical binary D/A produces its full scale 
output with all ones applied at the input. 

Full Scale Frequency 

A voltage-to-frequency converter can operate up to the 
guaranteed full scale frequency without violating any of 
the performance specs for this frequency range. Full 
scale frequency is expressed in Hertz (Hz). 

Full Scale Symmetry 

The difference between the full scale output values of the 
two outputs of a complementary output D/A, expressed in 
microamps (jiA). 

Gain Bandwidth Product (GBW) 

The frequency at which the open loop gain equals unity, 
expressed in Hertz (Hz). 

Gain Temperature Coefficient 

The variation of full scale current measured over a 
specified temperature range, expressed in parts per 
million per degree C (ppm/°C). 

-tt-( »*!g:r T * ) (-«) 



Where T(i) and Tg) are the upper and lower limits of the 
specified temperature range. 

Integral Linearity Error (Ey) 

Integral linearity is a measure of how the ideal and actual 
transfer functions of the A/D compare. The integral 
linearity error is the maximum difference between the 
actual and ideal quantization levels (the midpoint 
between adjacent threshold levels). 

There are several methods for measuring integral 
linearity. A typical A/D transfer function showing different 
types of linearity errors is shown in Figure 6. Zero-based 
linearity is used mainly in bipolar systems with 
adjustments that allow the user to null any errors at the 
origin (the center of the transfer function). To measure 
zero-based integral linearity, a "straight line of best fit" is 
drawn through the origin. Then the maximum deviation of 
the actual transfer function from this line is determined. 
Terminal-based linearity measurements are similar to the 
zero-based; however, the line is drawn between the two 
end points of the transfer function. The same difference 
signal is generated, and the same method is used for 
interpreting the results. The other method for measuring 
independent integral linearity involves drawing the 
"straight line of best fir through the transfer function, 
independent of the mid or end points, then calculating 
the error. A common method for measuring integral 
linearity is the subtractive ramp test. A low-frequency 
ramp is digitized by the A/D converter, then the signal is 
reconstructed with a D/A converter. The reconstructed 
signal is now subtracted from the original ramp with a 
differential amplifier and the difference (error signal) is 
displayed on an oscilloscope. The sawtooth wave 
displayed on the oscilloscope can be examined for 
integral non-linearities. Figure 7 shows the test set-up for 
the subtractive ramp test. 

Input Bias Current (Ib) 

The average of the two input currents with the output 
voltage at the center of its swing with no load, expressed 
in nanoamps (nA). 

Input Current, Constant Biasi (Icb) 
The current drawn by the input of the A/D converter is 
dependent upon frequency and voltage level of the 
analog input. The current is sometimes also dependent 
upon the phase of the convert signal. This dependence 
is explained under Isb» synchronous bias current; 
however, neglecting all of these second order effects, the 
current drawn by the input of the A/D is Icb- This can be 
thought of as the sum of the converter input bias currents 
which is dependent upon the input voltage level. 
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Input Current, Logic Hlghi (Iih) 

llH is the current drawn by a digital input to the device 
when the potential of the terminal is in the logic low state. 

Input Current, Logic Lowi (Iil) 

IlL is the current drawn by a digital input to the device 
when the potential of the terminal is in the logic low state. 

Input Current, Synchronous Biasi (Isb) 
In some flash converters, the current flowing into the 
analog input varies slightly depending upon the state of 
the CONV input varies slightly depending upon the state of 
the CONV signal. If the comparators are in the track mode 
(CONV low), then the input current is greater, and the 
amount of this current change is Isb. synchronous bias 
current. 

Input Equivalent Capacitance (Cin) 

Cin is an approximation of the largely capacitive input 
impedance of a flash A/D converter. The input capacitance 
is slightly dependent upon the DC level of the analog input 
voltage and the input frequency. The input equivalent 
capacitance must be taken into account when designing a 
buffer to drive a flash A/D. 

The method used to test input capacitance involves 
sending a high-frequency signal through a transmission 
line to the analog input, and determining the input 
impedance by analysis of the reflected wave. This type of 
test is performed by an R.F. impedance analyzer. 

Input Noise Current (lup-p) 

The peak-to-peak noise current within a specified 
frequency band, expressed in nanoamps or picoamps (nA 
orpA). 

Input Noise Current Density (In) 

The RMS noise current in a 1 Hertz band centered on a 
specified frequency, expressed in picoamps per root Hertz 
(pA/VHz). 

Input Noise Voltage (e np -p) 

The peak-to-peak noise voltage within a specified 
frequency band, expressed in nanovolts or microvolts (nV 
orpV). 

Input Noise Voltage Density (e n ) 

The RMS noise voltage in a 1 Hertz band centered on a 
specified frequency, expressed in nanovolts per root Hertz 
(nV/Vhz). 



Input Offset Current (los) 
The difference between the two input currents with the 
output voltage at the center of its swing with no load, 
expressed in nanoamps (nA). 

Input Offset Voltage (Vos) 

The voltage that must be applied between the two inputs to 
obtain an output voltage in the center of the output swing 
range, expressed in millivolts or microvolts (mV or pV). 

Input Resistance (Common Mode) 

The ratio of input voltage change to the resulting change in 
input bias current, expressed in megaohms or gigaohms 
(MftorGQ). 

V (1)- V (2) 



Common Mode Rin =- 



lB@V(i)- Ib@V(2) 



Where V(i) and V@) are the upper and lower limits of the 
input voltage range. 

Input Resistance (Differential Mode) 

The ratio of small signal change in input offset voltage to a 
change in input current at either input terminal with the 
other grounded, expressed in megaohms (M^. 

Input Voltage Range 

The range of voltages at the inputs over which an amplifier 
or comparator operates within its common mode rejection 
ratio specification, expressed in volts (V). 

Large Signal Voltage Gain (Avol) 

The ratio of a specified output voltage change to the 
change in input offset voltage required to effect the change 
under open loop conditions, expressed in volts per millivolt 
(V/mV) or decibels (dB). 



AVOL 



V0UT(1)-V0UT(2) \ 
V0S(1)"V0S(2) / 



Where Vout(1) and Vout(2) are the specified upper and 
lower voltage limits for the change at the output. 

Leakage Current (Ileak) 

The current that flows into the open collector output 
transistor when the logic output transistor is in the "off 
state, as a result of the application of the maximum supply 
voltage to the output. Leakage current is measured in 
microamps (nA). 

Least Significant Bit (LSB) 

The digital input line which has the smallest effect on the 
analog output. LSB can also refer to the measure of the 
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analog output change when the input code is incremented; 
in that case, the ideal value of 1 LSB is calculated as: 

1LSB = J (Full Scale Range) in V or MA 

where N is the resolution of the converter. 

Line Regulation 

The ratio of change in output voltage to the change in 
supply (line) voltage affecting it, expressed as a 
percentage of the output voltage per volt change in supply 
voltage (%/V). 

Linearity Error, Differential (Eld) 

Differential non-linearity is a measure of the uniformity of 
the code midpoint spacing. Differential linearity is defined 
as the maximum of the difference between adjacent code 
midpoints and the width of one Least Significant Bit 
(LSBs). If there is a missing code, the center of that code 
is considered to be the transition which skips that code. A 
differential non-linearity calculation is shown if Figure 4. 
Another method that can be used to determine differential 
non-linearity is a subtractive ramp test which examines the 
difference between adjacent quantization levels (see Eli). 
This method is shown in Figure 5. Differential non-linearity 
is sometimes measured with a statistical (histogram) test. 
In the histogram test the A/D converter is provided a full- 
scale sinusoidal analog input, and a large number of 
output samples is collected. The probability of obtaining 
each code is then calculated and the ratio of the actual 
number of samples at that code to the total number of 
samples represents the differential linearity error. An 
increase in code width results in a corresponding increase 
in the number of occurrences of that particular code. 

Load Regulation 

The ratio of change in output voltage to the change in load 
(output) current affecting it, measured in percent of output 
voltage per milliamp change in toad current (%/mA). 

Logic Input Current 

The input current into the logic switch at specified applied 
voltage, expressed in microamps (\xA). 

Logic Input Levels 

The range of voltages within which the logic trip level is 
guaranteed, expressed in volts (V). 

Long Term Input Offset Voltage Stability 

The averaged trend line of Vos vs. time over extended 
periods after the first 30 days of operation expressed in 
microvolts per month (jiV/Mo). 



Maximum Sampling Rate (F§) 

Fs is a sampling rate (samples per second) at which the 
converter is guaranteed to operate. Most flash A/D 
converter will operate reliably at any rate up to the 
maximum sampling rate, which is measured with worst 
case supply, worst case duty cycle conditions, and 
maximum full-power input frequency. 

Monotonlclty 

For any one LSB increase in input code the D/A output 
either increases or remains constant. 

Noise Power Ratio (NPR) 

H NPR is the decibel ratio of the noise level in a 
measuring channel with the baseband fully noise 
loaded. ..to...the level in that channel with all of the 
baseband noise loaded except the measuring channel" 
[4]. To test NPR, the input of the A/D converter is 
presented with white noise having a frequency spectrum 
from low frequencies up to 1/2 the sampling rate. The 
power of the input noise is adjusted so that the converter 
is fully loaded, but not clipping excessively. The output of 
the A/D converter is then converted back into an analog 
signal with a D/A. The D/A output is passed through a 
very narrow band pass filter, and the output power of the 
signal is measured. The process is now repeated, but 
with a notch filter at the input of the A/D converter. The 
ratio of the two measured powers is the Noise Power 
Ratio, and is often expressed in dB: 

NPR = 10 logio (ratio) 

NPR is often used to determine how much noise will 
"bleed" into one channel from other channels in a 
broadband, frequency domain multiplexed system. 

Nonllnearity 

The difference between the actual analog output and an 
imaginary straight line drawn between the measured 
zero scale and full scale readings, for any code 
combination. Nonlinearity is expressed as a percentage 
of the full scale output. 

Nonllnearity Error (NO 

On a plot of input voltage versus output frequency, a 
straight line is drawn from the origin to the full scale point 
which is defined by the intersection of the maximum 
input voltage and maximum output frequency. 

The actual plot of input versus output frequency should 
not deviate from this straight line by more than increment 
AFo(MAX)- Nonlinearity is defined here as (AFq/AFs) x 
100% where Fs is the maximum frequency for the range 
in question. For instance, when specifying nonlinearity 
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error for the 0.1 Hz to 10 kHz range, then Fs = 10 kHz. 
When specifying nonlinearity error for a frequency-to- 
voltage converter, nonlinearity error is defined as (AW 
V F s)x100%. 

Offset Adjustment Range 

The change in Vos that can be produced using the 
specified external offset adjustment circuit, expressed in 
millivolts (mV). 

Offset Errors, Sense Connected Eobs> e OTS 

To minimize the effect of offset errors, some A/D 
converters have sense outputs. These allow the use of a 
sense pin, which carries minimal current to close a 
feedback path around the reference input, resulting in 
lower offset errors. Figure 9 shows a block diagram for 
an A/D converter which has sense connections. Figure 
1 0 shows how a feedback path is closed around an 
operational amplifier to make use of the offset sense 
point. Eobs and Eots are the residual offset errors 
when the sense leads are used. 

Offset Voltage Bottom, Offset Voltage Top (Eob> 
Eot) 

Figure 8 shows the block diagram for a typical 6-bit flash 
A/D converter. There is a parasitic (Rp) resistance 
between the Rj lead and the first resistor. The voltage 
drop across this resistor is an offset voltage between the 
first code quantization level and the voltage applied to 
Rj. This offset is referred to as Eot- The similar offset 
voltage at the bottom of the resistor chain is Eob- Eot 
and Eob are measured by applying a known voltage to 
Rt and Rb and measuring the difference between these 
voltages and the voltages of the first and last code 
transitions of the A/D converter. In an ideal A/D, the first 
transition occurs at a point 1/2 LSB more negative than 
the top of the range. Therefore, if the input voltage to the 
device is set 1/2 LSB closer to Rb than zero, and Vrt is 
adjusted to get toggling between codes 0 and 1 , then the 
voltage on Rt will be Eot- 

Open Loop Output Resistance (Rout) 

The resistance seen looking into the output with the 
output at the center of its swing, under small signal 
conditions, expressed in ohms (Q) 

Output Capacitance 

The value of the internal parasitic capacitances, 
modelled as a single capacitor from the output to ground, 
expressed in picofarads (pF). 

Output Current, Logic Hlghi (Ioh) 

Iqh is the minimum current that is available (this is a 



negative value, there current flow is out of the device) to 
force an output terminal to the high state, while potential 
at the terminal is at the Voh minimum specification. 

Output Current, Logic Lowi Ool) 

Iol is the minimum current that is available to force 
output terminal to the low state, while the potential at the 
terminal is at the Vol maximum specification. 

Output Delay (to) 

to is the time between the rising edge of the CONV 
signal and the time at which the output data from the A/D 
is guaranteed to be stable. On many TTL flash A/D 
converters, this delay can be reduced by the addition of 
pullup resistors from the data outputs of the device to the 
Vcc supply. This output delay is measured with the test 
load specified in the corresponding data sheet 

Output High Voltage (Voh) 

The potential at an output terminal in the high state with 
respect to digital ground, when loaded with the test load 
defined in the data sheet. Voh Is measured with Vcc at 
a minimum. 

Output Hold Time (tHO) 

The time from the rising edge of the convert signal to the 
time when the output data lines begin to change. 

Output Short Circuit Current (Iqs) 

The current flowing from an output when the output is 

short circuited to ground while in the logic high state. 

This specification is indicated only on TTL compatible 

devices. 

Output Leakage Current (Ileak) 

For open collector output types; the collector to emitter 
leakage current of the output transistor with the output in 
an off condition and a specified voltage applied, 
expressed in microamps (pA). 

Output Low Voltage (Vol) 

The potential at an output terminal in the low state with 
respect to digital ground, when loaded with the test load 
defined in the data sheet. Vol is measured with Vcc set 
to the maximum value. 

Output Sink Current (Isink) 

The current flowing into the output for a specified set of 
input and output conditions, measured in milliamps (mA). 

Output Source Current (Isource) 

The current flowing out of the output for a specified set of 
input and output conditions, measured in milliamps (mA). 
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Output Voltage Compliance 

The range of voltages over which the output can be 
driven while maintaining nonlinearity specifications, 
measured in volts (V). 

Output Voltage Noise 

Output voltage noise is the broadband noise over a 
specified range of frequencies, measured in microvolts 
peak-to-peak (jiVp-p). 

Output Voltage Swing (Vout) 

The peak output change, referred to ground, that can be 
obtained for a specified load resistance, expressed in 
volts (V). 

Overshoot (OS) 

The positive or negative going excursion that exceeds 
the final settled condition at the output of a closed loop 
unity gain amplifier, expressed as a percentage of the 
output step. 

Phase Margin (PM) 

The difference between the amplifier phase shift and 
180° at the frequency where the open loop gain equals 
unity, expressed in degrees. 

Phase Margin = 180° -0 

Where 0 equals the input-output phase shift at Av = 1 . 
Power Bandwidth 

The maximum frequency at which a specified peak 
voltage sine wave may be obtained, measured in Hertz 
(Hz). 

Power Supply Rejection Ratio (PSRR) 

The ratio of change of supply voltage to a change in 
input offset voltage, expressed in decibels (dB). 

PSRR = 2OLOG10 l-r, — y s (l)"Vs(2) — ) 
1U \ Vos @ V S (1) - Vos @ Vs(2) / 

Where V$(i) and Vs(2) are the upper and lower limits of 
the specified change of supply voltage. 

Power Supply Sensitivity 

The ratio of change in the full scale output to a change in 
supply voltage, measured in percent of full scale per 
percent change in supply voltage (%AFS/%AV). 

Propagation Delay 

The time delay between a step input to all inputs and a 
change in the output, from the 5% point of TTL input 
swing to the 50% point of the final output value. 
Propagation delay is expressed in nanoseconds (ns). 



Pulse Width High(tpwH) 

tpwH minimum is the minimum width high CONV pulse 
with which the A/D will accurately operate if ail other 
specifications are met. tpwH is measured from the 1.3 Volt 
level of the rising edge of the CONV signal to the 1 .3 Volt 
level of the falling edge of the CONV signal on TTL 
compatible devices. If the CONV signal has a low portion 
of tpwH. a high portion of tpwH. the device may be 
exceeding Fs in which case it may not operate properly. 

Pulse Width Low (tpwO 

tpwL is the low CONV pulse width with which the A/D will 
accurately operate if all other specs are met. tpwL is 
measured from the 1 .3 Volt level of the falling edge of the 
CONV signal to the 1 .3 Volt level of the rising edge of the 
CONV signal on TTL compatible devices. 

Reference Bias Current 

The input current to the reference amplifier which subtracts 
from the reference current, expressed in microamps (pA). 

Reference Bottom Voltage (Vrb) 

The potential of the Rb terminal with respect to analog 
ground. 

Reference Current (Iref) 

The current flowing through the reference resistor chain (in 
through Rj). 

Reference Input Slew Rate 

The average rate of change of the output current for a step 
change at the reference input, expressed in milliamps per 
microsecond (mA/jos). 

Reference Middle Voltage (Vrm) 

The potential of the Rm terminal with respect to analog 
ground. 

Reference Top Voltage (Vrj) 

The potential of the Rj terminal with respect to analog 
ground. 

Reference Resistance (Rref) 

Rref is the total resistance of the entire reference resistor 
chain, including parasitics. It can be measured directly 
between Rj and Rb- Another method of testing Rref is to 
calculate it from Iref and (Vrj - Vrb). 

Resolution 

The number of inputs or bits. The number of discrete steps 
or states at the output is equal to 2N where N is the 
resolution of the converter. 
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Rise Time 

The time required for an output voltage step to change 
from 1 0% to 90% of its final value, expressed in 
nanoseconds (ns). 

Sampling Time Offset (tsTO) 

Sampling time offset is the time interval between the 
rising edge of the CONV signal and the actual instant at 
which the A/D samples the input signal. 

Scale Factor (K) 

Scale factor K is the ratio of FcyVlN- 
SettllngTlme 

The time delay between a 50% of TTL level change at all 
logic inputs to the point where the output settles within a 
specified error band of its final value, for either full scale 
to zero scale or zero scale to full scale changes. Settling 
time is measured in nanoseconds or microseconds (ns 
or us). 

Short Circuit Current (Isc) 

The maximum output current available from a device 
with the output shorted to ground, expressed in milliamps 
(mA). 

Signal-to-Nolse Ratio (SNR) 

The signal-to-noise ratio is the ratio of the value of the 
signal to that of the noise. The values of the signal and of 
the noise are usually expressed as RMS, but for some 
signals such as video, it is defined as peak-to-peak 
signal vs. RMS noise, because it is difficult to determine 
the RMS value of a video signal, and the meaning of 
peak-to-peak noise is not a useful parameter. The signal- 
to-noise ratio of an A/D converter provides a good figure 
of merit for the dynamic accuracy of the device. To test 
SNR, the A/D converter is given a high purity sine wave 
input. This is sampled at a non-harmonic sampling rate 
and the output of the A/D converter is stored in memory. 
The data from the A/D are then transformed into the 
frequency domain with a Fast Fourier Transform (FFT) 
and analyzed to determine the SNR. When analyzing the 
data, most of the "noise" will be located at the harmonic 
frequencies; therefore the SNR is a good estimate of 
total harmonic distortion. The analysis method takes the 
RMS or peak-to-peak voltage of the signal, and divides it 
by the RMS value of the noise. SNR is usually expressed 
in dB with the formula below: 

SNR R MS = 20log 10 ^!!W 



SNRpeak - RMS = 20 log 10 * gnd '™* + 9.0 
No,se R M3 



Sink Current (Isink) 

The amount of current that can be forced into the output 
with the reference still within i3% regulation, expressed 
in milliamps (mA). 

Supply Current^ (Ice) 

Ice is the current drawn by the device from the Vcc 
supply. Ice is a positive valued parameter. Ice 
decreases with increasing temperatures in most A/D 
converters and is measured with Vcc at the maximum 
rated value. 

Supply Current! (Iee) 

Iee is the current drawn by the device from the Vee 
supply. Since Iee is referenced to a negative supply, it is 
a negative valued parameter (current flows out of the 
device). In Raytheon Semiconductor's bipolar converters, 
Iee decreases with increasing temperature and is 
measured with the maximum (most negative) rated Vee- 

Supply Current (Isy) 

The current required from the power supply to operate a 
device under quiescent no-load conditions, expressed in 
milliamps (mA). 

Supply Voltage (Vs) 

The range of power supply voltages over which a device 
will operate, expressed in volts (V). 

Supply Voltage (V E ea, V E ed, V E e) 

Vee is the negative supply voltage. On converters with 
both digital and analog negative supplies, the analog 
supply is denoted Veea. and the digital supply is Veea- 

Temperature Coefficient 0c) 

The change in the output voltage over specified 
temperature range in parts per million per °C (ppm/°C). 

Temperature Coefficient (Tco) 

Tco is the factor which linearly approximates the 
variation with temperature of offset errors (Eqt. Eob). 
This is a first order approximation and the actual 
temperature coefficient is a function of temperature 
which may exceed the maximum of Tco in some 
temperature ranges. 

Transient Response (tiR) 

tTR is the amount of time required for the converter to 
recover from a full-scale input transition, before valid 
data can be produced. The comparators in a flash A/D 
converter have a finite slew rate and a finite settling time. 
If a device is presented with a full-scale input change 
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(which exceeds that slew rate), it takes trR for the input 
circuit to recover and provide accurate data. 

Unity Closed Loop Bandwidth (BW) 
The frequency at which the small signal voltage gain is 3 
dB below unity when operated as a closed loop unity 
gain follower, expressed in Hertz (Hz). 

Zero Scale Current 

The leakage current flowing into the D/A converter output 
with all logic inputs off and the output at a specified 
voltage range, expressed in microamps (pA). 
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Differential Linearity Errror Test Method 

Find maximum value of. 
((Step size— LSB width) | 
Divide above by LSB width 
Note: Step size is not the same as 
the code size defined as Q. 



CENTER OF CODE 
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jj ^STEPSIZE* 



SECTION OF A/D TRANSFER FUNCTION 
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Figure 4. Differential Linearity Error 
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Figure 5. Differential Non-Linearity Measurement 
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Figure 6. A/D Converter Transfer Function 
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Figure 8. 6-Bit Flash A/D Block Diagram 
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Figure 9. 9-Bit Flash A/D Block Diagram 
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Video Terminology 

AGC 

Automatic Gain Control in a video system is a 
circuit or subsystem that senses video amplitude 
and automatically adjusts amplifier gain to 
increase or decrease the video signal to the 
desired level. 

ALPHA-channel 

a is a digital value (usually 8- or 10-bits, 
normalized, and ranging from 0 to 1) that is 
associated with the mixing of two video sources. 
The value of a scales the magnitudes of input 
video in the following mixer equation: 

Mixed video = ( a )(Video #1 ) + ( 1 -a )(Video #2) 

a values are also associated with each RGB 
color pixel in graphics and imaging systems, a is 
used to scale the intensity an image on a pixel- 
by-pixel basis. 

AM 

Amplitude Modulation refers to adding low 
frequency information to a high-frequency signal 
by changing its amplitude in proportion to the low 
frequency information. Amplitude modulation of 
the color subcarrier frequency in video results in 
the variation of color intensity (saturation). 
Amplitude modulation of a carrier frequency is 
the way the video portion of a television signal is 
transmitted over an rf channel and is the basis of 
AM radio. 

,/VW V/w WWV Wwi 



Anti-aliasing Filter 

A low-pass analog filter preceding an A/D 
converter. The purpose of this kind of filter is to 
sufficiently attenuate frequency components 
above the signal band of interest. If not 
sufficiently attenuated, unwanted noise and high 
frequency components will alias (mix) 
themselves back into the critical frequency band, 
and degrade A/D conversion results. Since the 
unwanted frequencies become mixed with the 
wanted frequency band, it then becomes 
impossible to separate the two later in the 
system. 

Aperture Delay, Error, Jitter, Uncertainty 

Aperture is an analog-to-digital converter concept 
referring to the window of time when the A/D 
converter is sampling and its input signal. 

Aperture delay is the absolute time between the 
clock edge that initiates the conversion cycle and 
the time when the input signal is actually 
sampled. 

Aperture Error, Jitter, and Uncertainty are 
different terms for essentially the same thing. 
They refer to the changes in Aperture Delay 
exhibited on a sample-to-sample basis. 
Excessive Aperture Error, Jitter, and Uncertainty 
degrade A/D converter dynamic performance 
parameters such as SNR (signal-to-noise ratio). 



APL 

Average Picture Level is a video term that refers 
to the variation in active video levels as the TV 
picture changes from very dark to very light 
scene content. Under normal operating 
conditions, APL can vary widely and quickly, 
burdening circuit elements such as AGC, clamps, 
and DC-restore. 
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Artifact 

A video artifact is an unwanted characteristic of a 
television picture due to noise, improper image 
filtering, or timing errors. 

Aspect Ratio 

The ratio of picture width to picture height. For 
NTSC and PAL, the aspect ratio is 4:3. The 
aspect ratio for HDTV will be set at 16:9. 




r 

3 HIGH 

1 



4 WIDE 



B-Y 

One of the "color-difference" signals derived from 
matrix multiplying RGB values by various 
constants. The other color-difference signal, (R- 
Y), is derived in conjunction with (B-Y). 

B-Y = -0.299 R - 0.587 G + 0.866 B 

Back Porch 

The portion of the horizontal interval of a video 
line beginning with the rising edge of Horizontal 
Sync and ending with the beginning of active 
video. 

Back porch includes Breezeway, Color Burst, 
and Color Back Porch. 




Bandwidth 

A range of frequencies over which a circuit or 
system works without degrading. The bandwidth 
of NTSC video is approximately 4.2 MHz and 5.5 
MHz for PAL, meaning that frequency 
components from near-DC to the bandwidth limit 
are normally expected to be present. For an AID 
converter, bandwidth refers to the range of input 



frequencies over which the A/D converter is to 
accurately work without degrading the result. 

Bandwidth Flatness 

The flatness of a frequency band is the measure 
of the variation of the amplitude of all frequencies 
in the band of interest. In the NTSC video band 
of 4.2 MHz, a flatness of +/-1 dB is considered to 
be acceptable. 

Baseband 

Composite video normally occupies a frequency 
span from near-DC to 4.2 MHz for NTSC and 5.5 
MHz for PAL. When video is applied to an rf 
modulator for transmission on a television 
channel, the resulting AM modulated rf is no 
longer baseband. 

BetaCam 

A combination VCR and color TV camera, carried 
on one shoulder, used for recording local news 
events or other video productions. BetaCam 
offers much higher video quality than S-Video or 
VHS....but at a considerably higher price. 

Black Balance 

A color TV camera operation that examines the 
red, green, and blue analog signal values from 
the image sensor elements and adjust them so 
that a true black signal (no Chrominance) results 
when the camera is focused on a black object. 

Black Burst 

A composite video signal that carries with it all 
Horizontal and Vertical Sync, Color Burst, and 
Set-up (Pedestal) if applicable to the television 
standard in effect. No active video is allowed in 
Black Burst. See Black Level for waveform. 

Black Level 

Black level is the active video amplitude of a 
black picture. In the NTSC television standard 
used in the U.S., the black level is defined to be 
7.5 IRE units above that of the blanking level. 
The NTSC used in Japan and in PAL, the black 
level is defined to be exactly the same as 
blanking. The elevated black level is also known 
as "setup" or "pedestal." 

U.S. NTSC "black"i 



Japan NTSC and PAL "black" 
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Blanking 

The video signal level of the Front Porch, 
Breezeway, and Color Back Porch. The term 
blanking refers to the shutting off of the red, 
green, and blue CRT electron beams at the end 
of each line and field allowing the sweep circuitry 
to retrace and set up for the next line or field. 

Blooming 

A TV camera term where one or more of the red, 
green, and blue image sensors overloads due to 
excess light and causes the image to clip at its 
maximum brightness. This was common before 
the use of solid-state CCD image sensors. 

Breezeway 

That portion of a video horizontal interval 
between the rising edge of Horizontal Sync and 
the beginning of Color Burst. 




Broad Pulse 

Another term used for the Vertical Sync pulses 
(between the strings of Equalizing Pulses) in the 
Vertical Sync interval. 

Burst Gate 

A video system signal that indicates the timing of 
the Color Burst in the Horizontal Blanking 
Interval. 

CCD 

Charge Coupled Devices are used for almost all 
TV camera image sensing applications. A single 
CCD is used in consumer quality Camcorders, 
sensing the three primary colors, red, green, and 
blue. In more expensive TV cameras, including 
studio cameras, three separate CCDs sensitive 
to red, green, and blue light capture the image. 

CCIR 

Comite Consultatif International des Radio- 
communications. The United Nations regulatory 
body covering all forms of radio communications. 

Chrominance 

That component of a composite video signal that 
contains only amplitude- and phase-modulated 



subcarrier. Chrominance carries with it no 
information about Sync or Luminance. 

Chroma Bandwidth 

Chrominance (the color component of video) 
comprises a phase and amplitude modulated 
subcarrier frequency. The span of frequencies 
generated by phase and amplitude modulation of 
the color subcarrier frequency is the chrominance 
bandwidth. The NTSC chrominance bandwidth 
is approximately 1 .3 MHz on a 3.58 MHz 
subcarrier. 

Chroma Demodulator 

Chrominance comprises a phase and amplitude 
modulated subcarrier frequency that carrier with 
it all color information for a video signal. In video 
processing, it is often necessary to extract color 
information signals. A Chroma Demodulator 
circuit provides color difference signals from 
chrominance. 

Chroma Key 

Chroma key is a video special effect that allows 
one image to be superimposed over another. A 
foreground image is keyed over (switched in 
place of) a background image wherever there is 
a specific color (usually blue or green) found on 
the foreground image. 

Chroma Trap 

A band rejection filter specifically designed to 
reject the color subcarrier portion of a composite 
video signal without altering the luminance 
portion of the video. 

Clamp 

A circuit element in a video system that forces 
the Front and Back Porch blanking level of 
composite video to a specific desired voltage. 
Normal composite video requires that the Back 
Porch level be 0.0 Volts. Video transmission 
lines are usually AC-coupled, causing the DC 
reference to be lost. AID Converters may require 
the Back Porch level to be at some other voltage. 
Clamp circuits force composite video to the 
prescribed levels. 

Clipping 

Under certain light conditions the "white" level of 
composite video may exceed the maximum 
allowable for transmission or processing. 
Clipping circuits prevent video from exceeding 
these limits. 
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Closed Captioning 

Closed Captioning data is inserted and 
transmitted on one of the Black Burst lines at the 
top of each field. A Closed Captioning decoder 
extracts that data, converts it to text, and 
superimposes that text over the video program. 

CLUT 

A Color Look-Up Table is found on digital video 
encoders, mixers, and RAMDACs. The CLUT is 
a small block of high-speed RAM that maps pixel 
input data to a specific color. The CLUT of a 
typical VGA RAMDAC maps the 8-bit pixel data 
into 256 different colors made up of 18-bits each 
(6-bit red, 6-bit green, 6-bit blue). 

Coaxial cable 

The most common method of transporting 
composite or serial digital video around a system 
or studio is over a cable comprising a center 
conductor and a surrounding grounded shield. 
Low cost coaxial cables offer low loss, wide 
bandwidth, and low noise video performance. 

Color Back Porch 

That portion of the Horizontal Sync interval 
between the end of Color Burst and the 
beginning of active video 




Color Bars 

A video test signal that displays eight vertical 
bars of six fully-saturated colors plus black and 
white. The six colors are the three primary colors 
(red, green, and blue) and their three 
complements (cyan, magenta, yellow). 




WYCGMRBBk 



Color Burst 

That portion of the Horizontal Sync interval after 
Breezeway and before Color Back Porch. From 
eight to eleven full cycles of color subcarrier 
frequency define the Color Burst. The Color 
Burst envelope has a specific shape, controlling 
the growth and decay of the color subcarrier 
waveform. Color Burst provides a subcarrier 
reference for color demodulation. 

Color Decoder and Color Demodulator 

See Chroma Demodulator 

Color Difference 

Components of color based upon a matrix 
multiplication operation on RGB values. (R-Y) 
and (B-Y) color difference components can also 
be visualized by mapping color vectors onto the 
0° and 90° polar coordinate axes. 

Color Encoder 

The circuit element that outputs chrominance 
from the two color difference signals. This is the 
opposite function of the color decoder. 

Color Framing 

A color frame in NTSC consists of four sequential 
fields comprising all possible combinations of 
Color Burst phase and vertical sequences. PAL 
color framing is an 8-field sequence. 

Color Killer 

When incoming video in a video system does not 
contain color information ( monochrome, without 
chrominance) there is no need to separate color 
difference components from chrominance, the 
color killer circuit detects the missing color burst 
and disables the color decoder accordingly, 
eliminating any color artifacts. 

Color Purity 

Color Purity is a measure of how close a specific 
color comes to its target saturation and hue. 
When displaying color bars on a vectorscope, 
each of the six color vectors should be centered 
in the graticule box that corresponds to its 
saturation (chrominance amplitude) and hue 
(chrominance phase angle with respect to color 
burst). 

On a television screen, color purity is a subjective 
test. Color purity is best determined by painting 
the entire screen with fully-saturated red. 
Variations in the displayed color indicate mis- 
aligned electron guns or a magnetized shadow 
mask in the picture tube. 
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Color Space 

The Chrominance component of composite video 
is usually divided further into components of 
color. The most common color components, or 
color spaces, are (B-Y)(R-Y), CbCr, IQ, UV, and 
HS. 

Colour 

With all due respects to the Queen, this word is 
simply misspelled. It should be 'color', and 
everybody knows what color is. Except, of 
course, those who are blind or color-blind, and 
then it really doesn't matter much, does it? 

Comb Filter 

A special filter used for separating chrominance 
from composite baseband video. A comb filter is 
a far better filter than a chrominance trap 
because it can pick out chrominance components 
that overlap into the luminance frequency band. 
When plotted, the frequency response of this 
kind of filter looks like the teeth of a comb. 

Component 

Composite video can be separated into 
components. Horizontal and Vertical Sync 
pulses, Luminance, and Chrominance 
information combine to make composite video. 
Chrominance can be further separated into color 
difference signals such as (B-Y)(R-Y), CbCr, IQ, 
UV, etc. 

Composite Video 

Composite video is the signal formed by 
combining Horizontal and Vertical Sync, Color 
Burst, Luminance, and Chrominance. 

Contouring 

An image artifact from limited gray-scale or color 
resolution. Instead of gradual changes in color 
shading, the image will have lines that resemble 
the isobars on a weather map. Contouring is 
usually not noticeable with 7-bit or greater gray- 
scale resolution. 

Contrast 

The separation between the whitest white and 
blackest black of an image. Low contrast images 
look like they have a lot of gray in them. 

Co-site Sampling 

When video is digitized, decoded, and then 
transmitted in component form, pixels are 
decoded into a set of components corresponding 
to a single location on the displayed image. The 



Luminance of that pixel is represented by Y and 
the color components of that same location are 
CbCr. Therefore, it takes a complete set of 
YCbCr data to completely define one pixel. 

Cross-Color Distortion 

Luminance information that is inadvertently 
decoded as part of the Chrominance signal. For 
example, vertical stripes on a coat can be 
interpreted as subcarrier due to their relative 
spacing when compared to the period of the 
subcarrier frequency. 

Cross-Luma Distortion 

Chrominance information that is inadvertently 
decoded as Luminance. 

Crosspoint Switch 

A switching or networking element in a video 
system that interconnects any of x inputs to any 
of y outputs. The Crosspoint switch is a key 
element in a video production mixer or video 
routing system. A 4x4 crosspoint switch array is 
shown below. 

Inputs 



T 



Outputs 
> 



Crosstalk 

The unwanted noise or distortion on a signal that 
has been injected by other signals near the signal 
being measured. 

CVBS 

An abbreviation for Composite Video Blank and 
Sync. The CVBS bus is a high-speed data path 
between video processors over which digital 
composite video data is sent. Sync pulses and 
blanking levels are later extracted from this data. 



D-1 



A digital video standard for YCbCr4:2:2 
components sampled at 13.5 MHz. Digital video 
is transmitted serially at 270 Mbit per second or 
in 10-bit parallel format at 27 Mword per second. 
D1 is also known as CCIR-601 . 
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D-2 

A worldwide standard for digital composite video 
sampled at 4 x fsc (14.318 Msps for NTSC and 
17.732 Msps for PAL). 

Data Key 

Digital Video Encoders like the TMC22190 offer a 
feature that allows keying (pixel switching) by 
matching input RGB color combinations with pre- 
programmed colors stored in the data key 
register. When the input color does not match 
the stored color, RGB input data is encoded. 
Whenever the input color matches the stored 
color, the encoder outputs video corresponding 
to the data found on the CVBS bus. 

DC-Restore 

During video processing, the DC voltage level of 
blanking, 0.0 Volts, may have been modified. DC 
Restore circuits bring the blanking level back to 
0.0 Volts for transmission. See also Clamp. 

Decimating Filter 

A digital filter that not only outputs data at a rate 
lower that data in input (1/2 the rate for 2:1 
decimation) but also attenuates unwanted image 
artifacts caused by the decimation process. 

Decoder 

The process of extracting Luminance and color 
difference components such as (R-Y)(B-Y) or 
CbCr from composite video is the function of a 
decoder. Various filtering techniques are also 
employed in a decoder to accurately separate 
Chrominance information from Luminance and 
thereby improve picture quality. 

Differential Gain 

A video parameter that quantifies color accuracy 
over the black-to-white Luminance range. Dg is 
measured by superimposing a constant 
amplitude subcarrier on a linear ramp or stair- 
step Luminance signal. The variation in the 
amplitude of the subcarrier, dg, corresponds to 
variations in color saturation. 

Differential Phase 

A video parameter that quantifies color accuracy 
over the black-to-white luminance range. Dp is 
measured by superimposing a constant phase 
subcarrier on a linear ramp or stair-step 
Luminance signal. The variation in the phase of 
the subcarrier, dp, corresponds to variations in 
color hue. 



Digitizer 

Another term for Analog-to-Digital Converter 
(A/D) except that a digitizer will have circuit 
functions like clamps, amplifiers, and other 
elements necessary to complete the process of 
converting composite video to digital data. 

Dissolve 

A controlled transition between two video 
images. In a dissolve, the original image 
decreases in amplitude at the same time as the 
second image increases. The second image is 
gradually superimposed over the original until it 
dominates and there is no original image at all. 

Doubly-Terminated 

1 . When terminating resistors are located at both 
source and destination ends of coaxial cable. 

2. When too many terminating resistors are 
connected to a coaxial cable, attenuating the 
video signal. 

Downstream Key 

The last key source in a multilayer keyed 
composite image. The Downstream Key places 
the top-most image on the composite image. 

Edge Rate 

The rise and fall slopes of Horizontal and Vertical 
Sync pulses, Color Burst envelope, and the 
beginning and end of active video must be limited 
and controlled to keep high-frequency 
components from exceeding the channel 
bandwidth. 

Encoder 

Encoders assemble composite video from its 
components. For example, the inputs to an 
encoder are Horizontal and Vertical Sync, RGB 
or YCbCr component video, or color-index 
values. The output is complete baseband 
composite video including all H and V Sync 
timing. 

Equalization Pulse 

A series of pulses in the Vertical Sync interval 
just preceding and following the series of Vertical 
Sync pulses. 

Equalization Pulses 
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Even Field 

One of the two fields that make up each frame of 
an interlaced video signal. Video "half-lines 
appear at the end of each even field. See Field, 
Odd Field 

Fader 

A video processing element that fades or 
dissolves a video image to black (or from black). 
Many consumer CamCorders have automatic 
faders that operate at the touch of a button. 

Field 

In an interlace video system such as NTSC and 
PAL, each frame of 525 lines (625 for PAL) is 
made up of two fields of 262.5 line apiece (31 2.5 
for PAL). In NTSC there are 59.94 fields per 
second while PAL produces 50. But PAL 
flickers, yes it does. 

Field Sequence 

The combination of Equalization Pulses, Vertical 
Sync pulses, video half-lines, and Black Burst 
lines (including VITS, SMPTE Time Code, 
Closed Captioning, etc.) found between the last 
active video line of one field and the first active 
video line of the next field. 

Field Tilt 

A video parameter that indicates the drift or 
change in blanking level from the beginning of a 
field to the end of that field. Field tilt is usually 
caused by inadequate back porch clamping of 
the blanking level to 0.0 Volts. 

Flat Field 

A video test signal for measuring field and line 
tilt. The flat field is either a full field of Black 
Burst or a full field of constant gray or white (no 
Chrominance). 

FM 

Frequency Modulation refers to adding low- 
frequency information to a high-frequency signal 
by changing its frequency in proportion to the low 
frequency information. Modulation of the color 
subcarrier frequency in SECAM video systems 
results in changing the color intensity or 
saturation. Frequency modulation of a carrier 
frequency is the principle behind the transmission 
of the audio portion of television programs over 
an rf channel, and FM radio. 




Frame 

In an interlaced video system such as NTSC or 
PAL, a frame is made up of two interlaced fields. 
The frame rate for NTSC is 29.97 and 25.0 for 
PAL, exactly 1/2 of the field rate. 

Frame Store 

A digital Video system that captures by digitizing 
and writes into RAM all of the pixels comprising a 
frame of video. 

Front Porch 

That portion of the Horizontal Sync interval after 
the end of active video and before the falling 
edge of Horizontal Sync. 




Gamma 

A mathematical correction factor, y, used to 
compensate video systems for non-linearity such 
as that found in optical image sensors and CRTs. 

In the transfer function: Output = K (lnput) 1/y y 
introduces a non-linearity the compensates for 
non-linearity associated with the input. Typical 
values for y in NTSC and PAL are 2.2 and 2.8, 
respectively. 

Generations 

When recording video on tape, each subsequent 
copy of a copy of a copy is a generation. Digital 
recording techniques and equipment permit many 
more generation to be produced without 
significantly degrading picture quality. 

Genlocking 

The video process of extracting Horizontal and 
Vertical Sync from composite video for the 
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purpose of synchronizing video cameras, 
recorders, and other video processing systems. 

Group Delay 

A video parameter that compares the relative 
propagation delay of different frequencies in the 
video band. If, for example, low frequencies 
such as 1 00 kHz have a significantly different 
delay through a video filter or amplifier than the 
color subcarrier frequency, 3.58 MHz (NTSC), 
Luminance features of a picture will not align 
themselves with the color of that feature. That 
will look bad. 

GRS 

The Genlock Reference Signal includes 
subcarrier frequency, subcarrier phase, and field 
identification digital data. It is transmitted from 
the TMC22070 Genlocking Video Digitizer to the 
TMC22090 and 22190 Digital Video Encoders 
over the CVBS bus during Horizontal Sync. 

HDTV 

High Definition Television is a video technology 
of the future which promises to dramatically 
improve image quality by increasing signal 
bandwidth as well as line and frame rates. HDTV 
will require high-speed A/D and D/A converters 
as well as very high speed digital video 
processors. Also know as "Advanced 
Television." 

Horizontal Interval 

The Horizontal Sync interval is the series of 
signals between the end of active video of one 
line and the start of video for the next line. It 
includes the Front Porch, Horizontal Sync, 
Breezeway, Color Burst, and Color Back Porch 
(all of Back Porch). 

Horizontal Sync 

A negative-going pulse at the end of every line. 
This pulse triggers CRT retrace and the 
beginning of the next line. 




HSI 

Hue, Saturation, and Intensity color components. 
These correspond closely to the controls found 
on most TV sets: tint (hue), color (saturation), 
brightness and contrast (intensity). 

Hue 

That characteristic of color that differentiates 
Rosy Red from Vida Blue from Mellow Yellow, in 
a polar coordinate vector display, hue 
corresponds to the angle of the vector with 
respect to the Color Burst. 

Hum Bars 

Noise induced from AC power line voltages may 
appear as horizontal lines scrolling vertically in 
the displayed image in NTSC. In PAL, hum bars 
due to 50 Hz power will be stationary. 

|2 C 

A serial 3-wire interface between integrated 
circuits used to set-up and control those circuits. 

Interlace 

In NTSC and PAL video systems, an image is 
scanned in two passes. The scanned lines of the 
first pass (field) are interlaced with the lines of 
the second pass. The interlaced lines do not 
overlap each other, but rather fill in the space 
between lines of the next pass. 

Interpolation Filter 

A digital filter that doubles the sampling rate of 
the input data by calculating (interpolating) a new 
data point on the basis of two or more sequential 
input points. The new data point is inserted 
between the input data points used for its 
calculation. 

IRE Units 

The Institute for Radio Engineers developed a 
scale for measuring video signal amplitudes. 
Sync pulses are to be 40 IRE units in amplitude 
and active video is limited to 100 IRE units. The 
entire range of 140 IRE units was defined to be 1 
Volt peak-to-peak. NTSC waveform monitors 
usually have a graticule showing IRE units. 

Jitter 

See Aperture Jitter 

JTAG 

An integrated circuit test interface which allows 
board level testing of all interconnections to a 
large integrated circuit without testing the actual 
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function of the integrated circuit. See TMC22190 
data sheet. 

K-factor 

A video parameter that is a measure of impulse 
response of a video system. 

Key 

A video processing method for superimposing 
one image over another. A key signal in the 
shape of the image to be superimposed is used 
to switch that image on in place of the 
background image. The newsreader is "keyed" 
over the city scene in the example below. 



c:. 




Lap Dissolve 

Same as Dissolve. A controlled transition 
between images when one gradually overwrites 
(overlaps) the other. 

Layer 

When multiple key signals are used to build a 
multiple level composite image by keys, wipes, 
and dissolves, each component image is a layer. 

Layering Engine 

A circuit or system that accomplishes the 
layering (keying) of several images to form a 
single composite image. See TMC22190 data 
sheet. 

Line 

Video images are scanned by optical sensors 
from left to right, forming a line, repeating, one 
line at a time to build a complete two-dimensional 
image. Active video, Front Porch, Horizontal 
Sync, Color Back Porch, and Color Burst 
comprise each video line. 

Line Rate 

The number of video line scanned or displayed 
per second. In NTSC there are 1 5,734 lines per 
second, and 15,750 in PAL. 



Line Tilt 

A video parameter that indicates the drift or 
change in blanking or gray video level from the 
beginning of a line to the end of that line. Line tilt 
is usually caused by inadequate Back Porch 
clamping of the blanking level to 0.0 Volts or to 
short AC-coupling time constants. 

Linear Key 

Similar to digital keying except that the transition 
from background image to foreground image is a 
ramp, over which the foreground image gradually 
overwrites the background image. Same as "soft 
keying". 

Linear Phase 

A characteristic of a video filter or amplifier that 
ensures good group delay. 

Linearity 

A common system parameter that reflects the 
system's ability to closely follow and process 
input signals without adding errors and degrading 
results. In video, linearity sometimes relates to 
differential phase and differential gain 
performance. 

Luminance 

The black-and-white components of a video 
signal. When combined with Chrominance, the 
result is composite video. 

Make-before-break 

A term to describe the action of crosspoint 
switches. When a switch transition is made from 
one video source to another, it is important that 
there be no period of time during which the 
neither source is connected to the output. 
"Make-before-break" means that the new video 
source connection is made to the output just 
before the old video source disconnects. 

Modulated Pulse 

A video test waveform used in the testing of 
Group Delay and YC gain matching. A 
modulated pulse is a short period of subcarrier 
that grows and decays according to a specific 
pulse envelope. 

Modulated Ramp 

The video test waveform that is used in testing 
differential phase and differential gain. 
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Modulation 

Adding information to a signal. For example, 
phase and amplitude modulation of the color 
subcarrier to make Chrominance. Adding 
Chrominance to Luminance is a Luminance 
modulation process. TV transmitters are AM 
modulated for video and FM modulated for audio. 

Monitor 

A television screen that accepts baseband 
composite video and displays the image. A 
monitor may be a subset of a TV receiver which 
can also detect and demodulate the rf signal from 
a television channel and display the image and 
amplify the sound. 

Multiburst 

A video test waveform that includes short bursts 
of several frequencies (1.0, 2.0 MHz etc.) 
spanning the video band. When displayed on a 
waveform monitor, Multiburst offers a quick look 
at system frequency response by observing the 
relative amplitude of each frequency burst with 
respect to the others. 





IT 



Multipulse 

A video test waveform that includes series of 
short modulated envelope pulses of varying 
amplitudes, duration, and subcarrier frequency. 
When displayed on a waveform monitor, 
Multipulse offers a quick look at system pulse 
response and group delay. 



Noise 

Any part of a video signal that is not desirable 
and degrades the quality of the picture. Hum 
bars, speckles, ghosts, zits, etc. combine to 
reduce picture quality. 

NTSC 

A color television system developed by the 
National Television Standards Committee that is 
used in North America, Japan, and other parts of 
the world. NTSC is an interlaces system, 
characterized by 59.94 fields and 29.97 frames 
per second and 525 line per frame. 

Odd Field 

One of the two fields that make up each frame of 
an interlaced video signal. See Field, Even Field 

Overlay 

A computer graphics operation where colored 
text or patterns are written on top of a displayed 
image without modifying that image. Most 
RAMDACs and digital video encoders have 
additional overlay color RAM annexed to the 
CLUT for this purpose. Overlay is enabled on a 
pixel-by-pixei basis and the color of the overlay 
depends only upon the overlay RAM location 
addressed and the color value stored in that 
address. 

Oversampling 

Whenever a Digitizer of A/D Converter is clocked 
at a rate that is far in excess of the Nyquist 
criteria (>2x required bandwidth) the system is 
said to be oversampled. Oversampling in video 
systems relaxes the anti-alias filter cut-off 
requirements and reduces system cost. An 
oversampling A/D converter may be followed by 
a decimation filter to minimize the data 
bandwidth. 



PAL 



A color television system (Phase Alternate Line) 
used in Europe and other parts of the world. 
PAL is an interlaces system, characterized by 50 
fields and 25 frames per second and 625 line per 
frame. 
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PM 



Pedestal 

In NTSC systems, the blanking level of 
composite video is 0.0 Volts while the "black" 
color level is defined at +7.5 IRE units (+53 mV). 
This small difference between blanking and black 
is intended to completely cut off the CRT beam in 
the TV during retrace. PAL systems do not 
employ Pedestal (same as Setup). 

Phase 

The offset in time between two sinewaves of 
exactly the same frequency. Phase is usually 
expressed in degrees with 360 degrees of phase 
between sine peaks. 



v/X/X/X/^ 



Phase-Lock Loop 

In general, a phase-lock loop is a frequency 
synthesizer whose output is continuously 
compared to and varied according to some 
incoming reference frequency. 

In video applications, phase-lock loops are used 
to generate a stable subcarrier frequency using 
incoming color burst as the phase and frequency 
reference signal. They are also used to generate 
A/D converter clock frequencies using the line 
scan frequency as the reference. 

Pipeline Latency 

In a digital system or processor, there is a period 
of time between the entering of data into the 
system and the emerging of processed data 
corresponding to that data. This time interval is 
usually divided into discrete time elements or 
clock periods which control the processing 
operations. Latency is the number of clock 
cycles between the input and the result based 
upon the inputs. 



Pixel 



The most basic element of an image. When 
digitized, each video line is divided into discrete 
elements, pixels, which are characterized only by 
position and color. Images are a collection of a 
number of pixels per line and lines per frame. 



Phase Modulation refers to adding low frequency 
information to a high-frequency signal by 
changing its relative phase in proportion to the 
low frequency information. Phase modulation of 
the color subcarrier frequency in video results in 
changing the color hue. 




Pulse Bar 

A video test waveform that includes short pulses 
and black-to-white transitions. 

QAM 

In video processing, Quadrature Amplitude 
Modulation is the process of applying the color 
component signals (U and V) to amplitude and 
phase modulate the color subcarrier, producing 
Chrominance. 

Raster 

A term used to describe the horizontal and 
vertical scanning of the electron beams in a TV 
or other CRT display. 

R-Y 

One of the "color-difference" signals derived from 
matrix multiplying RGB values by various 
constants. The other color-difference signal, (B- 
Y), is derived in conjunction with (R-Y). 

R-Y = 0.701 R - 0.587 G- 0.114 B 

Reconstruction Filter 

An analog filter used to smooth the transitions 
between discrete analog voltages produced by a 
Digital-to- Analog converter (D/A) when 
reconstructing wideband signals such as video. 
The filter must have good group delay 
characteristics as well as adequate attenuation of 
frequencies beyond the video band. 



RGB 



The most base components of color, the primary 
colors Red, Green, and Blue. Combining all 
possible intensities of red, green, and blue light 
sources produces an infinite number of visible 
colors. 
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Routing 

The interconnection and distribution of video 
signals throughout a video system such as a 
production studio or television station. Video 
sources and destinations are usually routed 
through the use of crosspoint switches. 

RS-170A 

A Television Standard specification that defines 
and describes the signal characteristics of NTSC. 
See SMPTE 170M. 

S-Video 

A baseband video standard that keeps 
Luminance 

separate from Chrominance. S-Video 
connectors and cables carry two video signals, 
one for Luminance and the other for 
Chrominance. 

Sample-and-Hold 

A circuit element that acquires an analog signal 
by sampling that signal and then holds the DC 
level of that signal at the time it was sampled. A 
sample-and-hold is usually found at the front end 
or internal to A/D converters. They hold the A/D 
input steady while the digital equivalent to the 
held DC level is determined. 

Saturation 

The characteristic of color that differentiates 
Navy Blue from Baby Blue, Blood Red from Pink, 
and Kelly Green from Mint Green. 



East. SECAM is similar to PAL except that the 
color subcarrier is frequency modulated instead 
of phase modulated for varying color hue. This 
renders SECAM completely incompatible with 
PAL and NTSC. 

Serial Digital 

A digital communication standard that sends 
digitized video (and audio) through 75 Ohm 
cables at 270 Mbits per second conforming to 
CCIR-601 specifications. Serial Digital is 
becoming the studio interconnection standard. 

Serration 

The series of Equalization and Vertical Sync 
pulses found between fields in the vertical 
interval. 

Setup 

In NTSC systems, the blanking level of 
composite video is 0.0 Volts while the "black" 
color level is defined at +7.5 IRE units (+53 mV). 
This small difference between blanking and black 
is intended to completely cut off the CRT beam in 
the TV during retrace. PAL systems do not 
employ Setup (same as Pedestal). 

Short time Distortion 

SD is a video parameter that describes the 
character of fast changing Luminance in video. 
Rise time, fall time, overshoot, undershoot, 
ringing, and damping of fast edges are compared 
to ideal transitions for the measurement. 



SCH Phase 

SCH is the SubCarrier phase relationship 
between the falling edge of Horizontal Sync and 
the phase angle of the Color Burst. Whenever 
video signals are mixed, it is very important that 
the SCH characteristics of the two video signals 
be matched. If SCH errors are present, the 
mixed video will suffer from incorrect colors and 
horizontal spatial shifts. 



Phase should 
match 



SECAM 

A television system primarily used in France, 
China, Soviet Union (R.I. P.), and the middle 



Sine-Squared Pulses 

A pulse and fast edge video test signal that is 
bandlimited within the limits of the baseband 
composite video. In NTSC systems, rise and fall 
times of Sine-squared pulses are limited to 125 
nanoseconds. The limits are 100 nanoseconds 
in PAL. 
Skew 

The actual difference in time of two or more 
events that are ideally supposed to be 
simultaneous. For example, the data sent out 
from an A/D converter are ideally supposed to 
change simultaneously, but may not. Luminance 
and Chrominance outputs of encoders and RGB 
outputs of RAMDACs are ideally supposed to be 
simultaneous. There may be, however, a small 
skew between these signals. 



SMPTE 

Society for Motion Picture and Television 
Engineers. 
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SMPTE-170M 

An NTSC video standard developed by SMPTE 
that replaces RS-1 70A. 

SMPTE Time Code 

A digitally coded set of data usually found in 
vertical interval line 19 that indicates the hour, 
minute, second, and frame number of video. 
SMPTE Time Code is extensively used in 
videotape editing and in record keeping. It may 
also be encoded on the audio track of videotape 
(linear time code). 

SNR 

Signal-to-Noise Ratio is the ratio in decibels (dB) 
of the wanted signal amplitude to the unwanted 
noise in a video signal. 

Soft Key 

A key transition between a foreground image and 
a background image during which there is a 
controlled gradual transition instead of a switched 
instantaneous transition. See also Key, Layer 

Square Pixel 

When a video line is digitized and divided into 
discrete picture elements that have equal 
horizontal and vertical dimension with respect to 
the displayed image, the pixels are "square." A 
circle displayed 100 pixels high and 100 pixels 
wide will be round, not egg shaped. 

Stair Step 

A video test signal that ramps Luminance from 
black to white using 5 or 10 discrete DC levels 
(steps). Stairstep waveforms with constant 
amplitude and phase subcarrier added are 
sometimes used in differential gain and 
differential phase measurements. 

Subcarrier 

A high-frequency signal, added to the Luminance 
component of video that carries with it all color 
information. In NTSC, the subcarrier frequency 
is 3.579545 MHz and in PAL the frequency is 
4.433618 MHz. Amplitude modulation (AM) of 
the subcarrier results in changes in color 
saturation while phase modulation (PM) of the 
subcarrier results in changes in hue. 

Subcarrier Phase 

The phase of subcarrier with respect to a 
reference subcarrier (i.e. color burst). 



SVGA 

Super VGA is a computer CRT display standard 
that employs 600 or more horizontal lines and 
800 or more pixels per line. It is contrasted with 
VGA which employs 480 lines and 640 pixels per 
line. SVGA offers higher CRT resolution than 
VGA. The common SVGA resolutions are: 
600 x 800, 768 x 1024, and 1024 x 1280. 

SVHS 

Super VHS is a VCR recording standard that 
separates the Luminance (Y) from Chrominance 
(C) and records both of these signals on tape. 
SVHS cassettes are similar to VHS cassettes but 
SVHS will not playback on regular VHS VCRs. 

Sweep 

A term used to describe the horizontal and 
vertical scanning of the electron beams in a TV 
or other CRT display. Sweep can also refer to 
the change or span of frequency in a video test 
signal. 

Sync 

An abbreviation that refers to the set of horizontal 
and vertical synchronizing pulses that indicate 
beginning of image lines and fields. 

Sync Separator 

A video processor that detects composite sync 
pulses and outputs separate horizontal and 
vertical sync pulses. 

Sync Tear 

An undesirable effect when a monitor input is 
switched between two asynchronous video 
sources. Sync tear occurs when video sources 
that are not genlocked are mixed or switched. 

Sync Tip 

The most negative voltage level of the video 
signal during the Horizontal and Vertical Sync 
pulses. 

Termination 

The resistive load placed at the source and/or 
destination end of a coaxial cable to ensure 
maximum signal integrity, proper impedance 
matching, and amplitude. 

Tilt 

See Field Tilt and Line Tilt 



Time-Base Corrector 

A video processing system that corrects 
variations in line and field timing due to video 



8-26 



Raytheon Semiconductor 



For More Information, call 1-800-722-7074. 



Section 8 — Glossary 



tape recorder head speed variations. These 
systems are also known as TBCs. 

Tint 

Same as Hue. That characteristic of color that 
differentiates Rosy Red from Ira Blue from 
Mellow Yellow. In a polar coordinate vector 
display, hue corresponds to the angle of the 
vector with respect to the Color Burst. 

Vector 

A vector is a quantity that has both magnitude 
and direction. In video, colors are represented 
by vectors in polar coordinates. Magnitude 
corresponds with the level of saturation and the 
direction of the vector corresponds to hue. 




Vectorscope 

A video test instrument that analyzes color 
subcarrier characteristics by displaying them on a 
polar coordinate scale as vectors. A 
Vectorscope can also display color components 
such as (R-Y) (B-Y), YIQ, RGB etc. 




Vertical Interval 

The combination of Equalization pulses, Vertical 
Sync pulses, video half-lines, and Black Burst 
lines (including VITS, SMPTE Time Code, 
Closed Captioning, etc.) found between the last 
active video line of one field and the first active 
video line of the next field. 

| Vertical Interval | 

fYWmiJuw^^ 



Vertical Sync 

A series of negative-going pulses at the end of 
every field. These pulses trigger CRT vertical 
retrace and the beginning of the next field. 




VGA 

A common computer video display characterized 
by 480 line per frame and 640 pixels per line, 
non-interlaced. 

VITS 

Vertical Interval Test Signals may have many 
purposes, primarily in-service studio and 
transmitter testing and automatic receiver 
adjustment. VITS information is inserted in place 
of the Black Burst lines at the top of each frame. 

VM700 

A video measurement test instrument made by 
Tektronix. This instrument is the industry- 
standard for measuring video parameters. 

Waveform monitor 

A video test instrument that displays the line and 
field waveforms of video signal. 

White 

The on-screen color resulting from the red, 
green, and blue color components being active 
and at their full-scale value. White is the 
brightest value of Luminance. 

White Balance 

A color TV camera operation that examines the 
red, green, and blue analog signal values from 
the image sensor elements and adjust them so 
that a true white signal (no Chrominance) results 
when the camera is focused on a white object. 

Wipe 

A wipe is a video production term that refers to 
the transition from one video source to another. 
During a wipe operation, the screen is split in 
various patterns, uncovering the new video 
source while covering the old source. In the 
example below , the golfer shares a split-screen 
wipe with a desert scene. 
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The Luminance component of video. For 
example, the Y in YCbCr, YIQ, YUV all refer to 
the Luminance or black-and-white component of 
the color video signal. Y is calculated from red, 
green, and blue values by: 

Y = 0.299 R + 0.587 G + 0.114 B 

YC 

A video component set which separates 
Luminance (Y) from Chrominance (C). S-Video 
is based on YC components. The Luminance 
signal is all that is displayed on a black-and-white 
TV or monitor. 

YC B Cr 

A common color component set derived from 
Y(B-Y)(R-Y) components which, in turn, are 
derived from RGB values. YCbCr is the 
component set used in CCIR-601 and D-1 video 
standards. 



25 Hz Offset 

In most PAL standards, the subcarrier frequency, 
fsc and the horizontal line frequency, fH, are 
related by: 

f S C = (( 1135/4) + ( 1 /625))f H 

The factor (1/625) adds 25 Hz the PAL subcarrier 
frequency. This offset masks the residual 
subcarrier dot pattern (sometimes seen on black- 
and-white displays) by causing the dot pattern to 
move, making it less visible.. 

4-field sequence 

A complete field sequence for NTSC which 
includes all Color Burst phase and vertical 
interval sequences consists of 4 fields. 

4x subcarrier sampling 

Digitizing composite video at a rate (frequency) 
equal to exactly four time the color subcarrier 
frequency (14.318181 MHz for NTSC and 
17.734472 MHz for PAL). 



4:1:1 



This suffix, when added to YCbCr 
(YCbCr4:1 :1) indicates that for every 4 samples 
of Luminance data (Y) there is only one sample 
of Cb and Cr data available. 



4:2:2 



YIQ 



This suffix, when added to YCbCr 
(YCbCr4:2:2) indicates that for every 4 samples 
of Luminance data (Y) there are 2 samples of Cb 
and 2 samples of Cr data interleaved. 



Another color component set similar to YCbCr 
except rotated through a different vector 
baseline. YIQ is most commonly associated with 
NTSC. 



4:4:4 



YUV 



A modified video component set, similar to 
YCbCr. In YUV, UV are scaled in order to 
prevent overmodulation of the subcarrier 
modulator in an encoder. 



2:1:1 



Similar to 4:2:2 except at 1/2 the data rate. 2:1 :1 
is used in teleconferencing where video is sent 
over telephone lines. 



This suffix, when added to YCbCr or RGB 
(YCbCr4:4:4, RGB4:4:4) indicates that for every 
4 samples of Luminance data (Y) or R there are 
4 samples of Cb or G and 4 samples of Cr or B 
data. 

601 

Refers to the CCIR Recommendation 601 -1 , 
which describes and defines "Encoding 
Parameters of Digital Television for Studios." 

8-field sequence 

A complete field sequence for PAL which 
includes all Color Burst phase and vertical 
interval sequences consists of 8 fields. 
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For further reading and study on VIDEO: 

• CCIR 601-1 "Encoding Parameters of Digital Television for Studios" 

• CCIR 624-3 "Television Systems" 

• Craig, Margaret, "Television Measurements - NTSC Systems", Tektronix 1780R instrument literature 

• Craig, Margaret, "Television Measurements - PAL Systems", Tektronix 1781 R instrument literature 

• Hutson, G.H., Shepherd, P.J., Brice, W.S., "Colour Television", McGraw-Hill Berkshire, England (1990) 

• IEEE Standard Dictionary of Electrical and Electronic terms", John Wiley & Sons, New York (1972) 

• Jack, Keith, "Video Demystified", High Text Publications, Solano Beach, California (1993) 

• Roberts, R.S., "Television Engineering - Broadcast, Cable, and Satellite Part 1 : Fundamentals", Pentech Press, 
London (1985) 

• Roberts, R.S., "Television Engineering - Broadcast, Cable, and Satellite Part 2: Applications", Pentech Press, 
London (1985) 

• SMPTE 170M Proposed SMPTE Standard for television - Composite analog video signal - NTSC for studio 
applications. 

• Stafford, R.H., "Digital Television", John Wiley & Sons, New York (1980) 

• Watkinson, John, "The Art of Digital Television", Focal Press, Oxford (1990) 
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Section 9 
Ordering Information 
& Packages 



Contents 

Product Ordering Information 2 

Packaging Information 9 

A1 68-Contact Hermetic Ceramic Chip Carrier 9 

B2 24-Pin Ceramic Dual In-Line Package 1 0 

B3 20-Pin Ceramic Dual In-Line Package 1 1 

B4 8-Pin Ceramic Dual In-Line Package 12 

B5 40-Pin Ceramic Dual In-Line Package 13 

B6 28-Pin Ceramic Dual In-Line Package 14 

B7 24-Pin Ceramic Dual In-Line Package 15 

B8 1 8-Pin Ceramic Dual In-Line Package 16 

B9 1 6-Pin Ceramic Dual In-Line Package 17 

C1 68-Contact Hermetic Ceramic Chip Carrier 18 

C2 44-Contact Hermetic Ceramic Chip Carrier 1 9 

C3 28-Contact Hermetic Ceramic Chip Carrier 20 

GO 68-Pin Grid Array, Cavity Down with Flat Heat Sink 21 

G5 89-Pin Grid Array 22 

G8 68-Pin Grid Array 23 

H5 121 Printed Circuit Board Pin Grid Array .Cavity Up 24 

H7 89 Printed Circuit Board Pin Frid Array, Cavity Up 25 

H8 69 Printed Circuit Board Pin Grid Array, Cavity Up 26 

JO 64- Pin Hermetic Ceramic Dual In-Line Package 27 

J1 64-Pin Hermetic Ceramic Dual In-Line Package Bottom-Brazed with Heat Sink 28 

J3 64-Pin Hermetic Ceramic Dual In-Line Package Bottom-Brazed 29 

J4 48-Pin Hermetic Ceramic Dual In-Line Package 30 

J5 40-Pin Hermetic Ceramic Dual In-Line Package 31 

J6 28-Lead Hermetic Ceramic Dual In-Line Package 32 

J7 24-Lead Hermetic Ceramic Dual In-Line Package 33 

J8 1 8-Lead Hermetic Ceramic Dual In-Line Package 34 

J9 1 6-Lead Hermetic Ceramic Dual In-Line Package 35 

L1 68-Leaded Hermetic Ceramic Chip Carrier 36 

L3 84-Leaded Hermetic Ceramic Chip Carrier 37 

L4 1 00-Leaded Hermetic Ceramic Chip Carrier , 38 

L5 1 32-Leaded Cerquad 39 

L6 1 00-Leaded Cerquad 40 

M3 20-Pin Plastic SOIC .300" 41 

M9 1 6-Lead Plastic SOIC .300" 42 

ME 14-Lead Plastic SOIC .150" 43 

MH 8-Lead Plastic SOIC .1 50 " 44 

NO 64-Lead Plastic Dual In-Line Package 45 

N1 20-Lead Plastic Dual In-Line Package 46 
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N2 24-Lead Plastic Dual In-Line Package .300" 47 

N4 48-Lead Plastic Dual In-Line Package 48 

N5 40-Lead Plastic Dual In-Line Package , 49 

N6 28-Lead Plastic Dual In-Line Package 50 

N7 24-Lead Plastic Dual In-Line Package 51 

N8 18-Lead Plastic Dual In-Line Package 52 

N9 16-Lead Plastic Dual In-Line Package 53 

NH 8-Lead Plastic Dual In-Line Package 54 

R0 84-Lead Plastic J-Leaded Chip Carrier 55 

R1 68-Lead Plastic J-Leaded Chip Carrier 56 

R2 44-Lead Plastic J-Leaded Chip Carrier 57 

R3 28-Lead Plastic J-Leaded Chip Carrier 58 

D-8 8-Lead Ceramic Dual In-Line Package 59 

D-14 14-Lead Ceramic Dual In-Line Package 60 

D-1 6 1 6-Lead Ceramic Dual In-Line Package 61 

D-1 8 1 8-Lead Ceramic Dual In-Line Package , 62 

D-20 20-Lead Ceramic Dual In-Line Package 63 

D-24 24-Lead Ceramic Dual In-Line Package (0.3 M Wide) 64 

D-24W 24-Lead Ceramic Dual In-Line Package (0.6 M Wide) 65 

F-1 6 1 6-Lead Ceramic Gull Wing Flat Pack 66 

F-24 24-Lead Ceramic Flat Pack (Cerpak) Package 67 

F-24B 24-Lead Ceramic Bottom-Brazed Flat Pack Package 68 

L-20 20-Pad Leadless Chip Carrier 69 

L-28 28-Terminal Ceramic Leadless Chip Carrier 70 

M-8 8-Lead Plastic Small Outline Dual In-Line Package 71 

M-14 14-Lead Plastic Small Outline Dual In-Line Package 72 

M-1 6 1 6-Lead Plastic Small Outline Dual In-Line Package 73 

M-24 24-Lead Plastic Small Outline Dual In-Line Package 74 

N-8 8-Lead Plastic Dual In-Line Package 75 

N-14 14-Lead Plastic Dual In-Line Package 76 

N-1 6 1 6-Lead Plastic Dual In-Line Package 77 

N-20 20-Lead Plastic Dual In-Line Package 78 

N-20W 20-Lead Plastic Dual In-Line Package (0.6 H Wide) 79 

N-24N 24-Lead Plastic Dual In-Line Package (0.3" Wide) 80 

S-1 6 1 6-Lead Ceramic Sidebraze Dual In-Line Package 81 

S-20 20-Lead Ceramic Sidebraze Dual In-Line Package 82 

S-24 24-Lead Ceramic Sidebraze Dual In-Line Package (0.3" Wide) 83 

T-8 8-Lead TO-99 Metal Can 84 

T-9 9-Lead TO-66 Metal Can 85 

T-1 0 1 0-Lead TO-1 00 Metal Can 86 
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Product Ordering Information 



Dual & Quad 
Transistors 

Dual or Quad 

Device Type 

F 



Prefix 
SP 



6-Pin 

Dual Flatpak (TO-89) 



QF 14-Pin 

Quad Flatpak (TO-86) 

QD 14-Pin 

Quad, DIP,(TO-116) 



Device 
2484 



Suffix 
QD 



65-6397 



TDC/TMC/MPY 
Series 

Device Family - 

TDC/TMC/MPY 



TMC 



2210 



Nn* 



Device Number • 



Package 



Temperature Range & Screening 

A = High Reliability, Tc = -55°C to +125°C 

B = Industrial, Tc - -25°C to +85°C 

C = Commercial, Ta = 0°C to +70°C 

F = Extended Temp. Range, Tq = -55°C to +125°C 

V = MIL-STD=883, Level B, Tq = -55°C to +125°C 



Electrical Variation 

(Optional) 



*n — Refer to product listing for second digit 



65-6398 
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R29681ADMS 



Prefix 

Bipolar PROM Family 

6 = Bipolar PROMs 

7 = Enhanced Bipolar PROMs 

Memory Size 

2 = 512x8(4K)) 

3 = 1024x8(8K) 
5 = 2048 x 4 (8K) 

7 = 4096x8(32K) 

8 = 2048x8(16K) 

9 = 8192x8(64K) 



Product Type 

1 = Standard PROM 

3 = Power-Switched PROM 



Screening 

/883B = MIL-STD-883, Class B 
S = MIL-STD-883, Level S 

Temperature Code 
M = Military Temp Product 
(-55°Cto+125°C) 



'Package Type 



Performance 

A = Speed Option 
Blank = Standard Speed 



JAN Linear MM 0741 DC A 

Prefix: LH/LT ' 

Device Type 1 

Package Code 1 

Lead Finish 

65-6399 
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JAN PROM JR 29631 PR* 

Prefix 1 

Device type ' 

Package Code 

*AII devices supplied with solder dip lead finish 

65-6400 



RC/RM/RV Series RM 4558 A Dn /883B 



Temperature Range ' 

RC = Commercial, 0°C to +70°C 
RM - Military, -55°C to +125°C 
RV = Industrial, -25°C to +85°C 

Basic Part Type 1 

Four digits max 

Electrical Grade 1 

See data sheet 

Package Type* ' 

High Reliability Processing 

(Optional) 

*Second digit is optional. Refer to product listing. 

65-6401 
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LM/LP Series LM 124 A D /883B 



Prefix: LM/LP 1 

Basic Part Type & | 

Temperature Range 

First digit denotes temperature range* 
1 = Military, -55°Cto +125°C 
3 = Commercial, 0°C to +70°C 

Electrical Grade 1 

See data sheet 

Package Type 

High Reliability Processing 

(Optional) 

•Except LM1851 operational temperature range = -40°C to +70°C 



LH/LT Series LT- 1001 A D /883B 



Prefix: LH/LT 1 

Basic Part Type ■ 

Four digits max 

Electrical Grade ' 

See data sheet 

Package Type 1 

High Reliability Processing 

(Optional) 

65-6403 
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REF Series REF 

Prefix 

Basic Part Type 

Electrical Grade 

See data sheet 

Package Type 

High Reliability Processing 

(Optional) 



01 X D /883B 



65-6404 



OP Series OP- 07 A D /883B 

Prefix 1 

Basic Part Type ■ 

Electrical Grade ■ 

See data sheet 

Package Type 1 

High Reliability Processing 

(Optional) 

65-6405 
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DAC Series DAC- 08 X D /883B 



Prefix 1 

Basic Part Type ' 

Four digits max 

Electrical Grade 1 

See data sheet 

Package Type 1 

High Reliability Processing 

(Optional) 

65-6406 
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A1 68-Lead Hermetic Ceramic Chip Carrier 
JEDECTypeA Dimensions 




Inches (Millimeters) 



Sym 


Min 


Max 


Notes 


A 


.U/u (i.aUj 


1 1 n n loh 




A, 


.050 (1.27) 


.070 (1.78) 




Bl 


.033 (0.84) 


.039 (0.99) 




D 


.940 (23.88) 


.960 (24.38) 


Note 3 


"»1 






.075 (1.90) Ref. 


D 2 






.800 (20.32) Basic 


°3 






.400 (10.16) Ref. 


e 






.050 (1.27) Basic 


h 






.050 (1.27) Ref. 


i 






.040 (1.02) Ref. 


L 


.040 (1.02) 


.055 (1.40) 




N 






68, Note 4 


ND 






17, Note 5 



Ref. 90X00181 

Notes: 1 . A pin one identifier shall be located adjacent to pin one and within the 
shaded area shown. 

2. Dimension e: each pin centerline shall be located within .007 inch 
(0.18mm) of its true longitudinal position. 

3. Dimension D: exclusive of package anomalies (lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25mm). 

4. Dimension N: number of terminals. 

5. Dimension ND: number of terminals per package edge. 

6. Controlling dimension: inch. 



PIN 1 IDENTIFIER 




For More Information call 1-800-722-7074. 
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B2 24-lead Ceramic Dual In-Line Package 



Dimensions 



Inches (Millimeters) 



Notes: 




A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal position relative to pins 1 and N 
(N = lead count). 

Dimensions E<| and e A : measured with leads perpendicular to the base 
plane. 

Dimensions E-|, eg and eQ: measured to outside edge of lead. 
Dimension e^: measured to lead center. 

Dimensions D and E: inclusive of package anomalies (lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25mm). 

Dimensions b, b<| and c: increase maximum limits by .003 inch 
(0.08mm) when solder finish applied. 

Dimension N: number of leads. 

Standard lead finish is tin plate for all grades. 

Controlling dimension: inch. 



13 



J U U U U U U 
PIN 1 1DENTIFIER 



U U- 
12 



E Ei 

ii 



Sym 


Min 


Max 


Notes 


A 
b 


.150 (3.81) 
.014 (0.36) 


.200 (5.08) 
.023 (0.58) 




b 2 


.050 (1.27) 


.070 (1.78) 


.040 (1.02) Nominal 


c 

n 
U 


.008 (0.20) 
I. Zob (ol.o/) 


.015 (0.38) 
I.ZoU (dz.blj 




E 
El 


.280 (7.11) 
.300 (7.62) 


.305 (7.75) 
.320 (8.13) 




e 

e A 






.100 (2.54) Basic 
.300 (7.62) Basic 


e B 
e C 




.400 (10.16) 




L 
N 


.125 (3.17) 


.200 (5.08) 


24, Note 8 


Q 


.015 (0.38) 
.070 (1.78) 


.060 (1.52) 




s 

Si 


.005 (0.13) 


.098 (2.49) 





Ref. 90X00181 
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B3 



Notes: 1 . 



20-Lead Ceramic Dual In-Line Package 

Dimensions 



A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal position relative to pins 1 and N 
(N = lead count). 

Dimensions E 1 and e^: measured with leads perpendicular to the base 
plane. 

Dimensions E«j. eg and erj: measured to outside edge of lead. 
Dimension e^: measured to lead center. 

Dimensions D and E: inclusive of package anomalies (lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25mm). 

Dimensions b, b-j and c: increase maximum limits by .003 inch 
(0.08mm) when solder finish applied. 

Dimension N: number of leads. 

Standard lead finish is tin plate for all grades. 

Controlling dimension: inch. 



20 11 
ni-ir-ir-inr-ir-ir-1 




n IT 



U U U U U U U U 
10 

PIN 1 1DENTIFIER 



—J L — bi 



Inches (Millimeters) 



Sym 


Min 


Max 


Notes 


A 
b 


.150 (3.81) 
.015 (0.38) 


.200 (5.08) 
.021 (0.53) 




u 1 

b 2 


.050 (1.27) 


.060 (1.52) 


.040 (1.02) Nominal 


c 
D 


.008 (0.20) 


.012 (0.31) 
.985 (25.02) 




E 
El 


.220 (5.59) 
.?.90 (7.37) 


.310 (7.87) 
.320 (8.13) 




e 

e A 


.090 (2.29) 


.110 (2.79) 


.300 (7.62) Basic 


e B 
e C 


.310 (7.78) 


.410 (10.41) 




L 
N 


.125 (3.17) 


.200 (5.08) 


20, Note 8 


Q 
<>1 


.020 (0.51) 


.060 (1.52) 




S 
Si 


.005 (0.13) 


.060 (1.52) 





Ref. 90X00181 
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B4 8-Lead Dual In-Line Package 

Dimensions 



Inches (Millimeters) 



Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

2. Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal position relative to pins 1 and N 
(N = lead count). 

3. Dimensions E-| and e^: measured with leads perpendicular to the base 
plane. 

4. Dimensions E-j, eg and eQ: measured to outside edge of lead. 

5. Dimension e A : measured to lead center. 

6. Dimensions D and E: inclusive of package anomalies (lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25 mm). 

7. Dimensions b, b-| and c: increase maximum limits by .003 inch 
(0.08mm) when solder finish applied. 

8. Dimension N: number of leads. 

9. Standard lead finish is tin plate for all grades. 
10. Controlling dimension: inch. 

-bi 



5 



PIN 1 1DENTIFIER ^ 4 



T 

E 

± 



Sym 


Min 


Max 


Notes 


A 
b 


.150 (3.81) 
.015 (0.38) 


.200 (5.08) 
.021 (0.53) 




b 2 


.030 (0.76) 


.070 (1.78) 


.040 (1.02) Nominal 


c 
D 


.008 (0.20) 


.012 (0.31) 
.400 (10.16) 




c 
El 


.zzu p. Do) 
.290 (7.37) 


9Q1 11 QQ\ 

.320 (8.13) 




e 

e A 


.090 (2.29) 


.110 (2.79) 


.300 (7.62) Basic 


e B 
e C 




.310 (7.78) 


.410 (10.41) 


L 
N 


.125 (3.17) 


.200 (5.08) 


8, Note 8 


Q 
°1 


.020 (0.51) 


.060 (1.52) 




S 

h 


.015 (0.38) 


.055 (1.40) 





Ref. 90X00181 
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Section 9 — Ordering Information & Packaging 



B5 40-Lead Ceramic Dual In-Line Package 

Dimensions 



Inches (Millimeters) 



Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

2. Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal position relative to pins 1 and N 
(N = lead count). 

3. Dimensions E<| and e^: measured with leads perpendicular to the base 
plane. 

4. Dimensions E-|, e B and erj: measured to outside edge of lead. 

5. Dimension e A : measured to lead center. 

6. Dimensions D and E: inclusive of package anomalies (lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25mm). 

7. Dimensions b, b-| and c: increase maximum limits by .003 inch 
(0.08mm) when solder finish applied. 

8. Dimension N: number of leads. 

9. Standard lead finish is tin plate for all grades. 
10. Controlling dimension: inch. 



Sym 


Min 


Max 


Notes 


A 


.150 (3.81) 

.U 1 *T \U.vJUJ 


.225 (5.72) 
02? (0 581 




bo 


.050 (1.27) 


.065 (1.65) 


.040 (1.02) Nominal 


c 
D 


.008 (0.20) 
2.030 (51.56) 


.015 (0.38) 
2.096 (53.24) 




E 
El 


.510 (12.95) 
.590 (14.99) 


.600 (15.24) 
.620 (15.75) 




e 

e A 






.100 (2.54) Basic 
.600 (15.24) Basic 


e B 
e C 




.700 (17.78) 




L 
N 


.125 (3.17) 


.200 (5.08) 


40, Note 8 


Q 
<*1 


.015 (0.38) 
.070 (1.78) 


.060 (1.52) 




S 

h 


.005 (0.13) 


.098 (2.49) 





Ref. 90X00181 



40 



n n n n n 



n n n n n n n 



21 



IP 



U U U 
\ PIN 1 1DENTIFIER 




For More Information call 1-800-722-7074. 
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B6 



Notes: 



28-Lead Ceramic Dual In-line Package 

Dimensions 



A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal position relative to pins 1 and N 
(N = lead count). 

Dimensions E-] and e^: measured with leads perpendicular to the base 
plane. 

Dimensions E-j, eg and e^: measured to outside edge of lead. 
Dimension e A : measured to lead center. 

Dimensions D and E: inclusive of package anomalies (lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25mm). 

Dimensions b, b-j and c: increase maximum limits by .003 inch 

(0.08mm) when solder finish applied. 

Dimension N: number of leads. 

Standard lead finish is tin plate for all grades. 

Controlling dimension: inch. 



28 15 
mmnmmr-ir-ir-irnr-ir-ir-ir-ir-1 



u u u u u u 

14 



Inches (Millimeters) 



Sym 


Min 


Max 


Notes 


A 

D 


.150 (3.81) 
.U14 (U.ob) 


.200 (5.08) 
.UZo (U.bo) 




"1 

h„ 
D 2 


.050 (1.27) 


.070 (1.78) 


flZin (1 071 Nominal 

.UtU \I.U£| IMUIIIIIidl 


c 
D 


.008 (0.20) 
1.435 (36.45) 


.015 (0.38) 
1.480 (37.59) 




E 
El 


.500 (12.70) 
.590 (14.99) 


.600 (15.24) 
.620 (15.75) 




e 

e A 






.100 (2.54) Basic 
.600 (15.24) Basic 


e B 
e C 




.700 (17.78) 




L 
N 


.125 (3.17) 


.200 (5.08) 


28, Note 8 


Q 

Qi 


.015 (0.38) 
.070 (1.78) 


.060 (1.52) 




S 
Si 


.005 (0.13) 


.098 (2.49) 





Ref. 90X00181 
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B7 24-Lead Ceramic Dual In-Line Package 



Dimensions 



Notes: 1 . A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

2. Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal position relative to pins 1 and N 
(N = lead count). 

3. Dimensions E<| and e^: measured with leads perpendicular to the base 
plane. 

4. Dimensions E-|, e B and e^. measured to outside edge of lead. 

5. Dimension e A : measured to lead center. 

6. Dimensions D and E: inclusive of package anomalies (lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25mm). 

7. Dimensions b, b-| and c: increase maximum limits by .003 inch 
(0.08mm) when solder finish applied. 

8. Dimension N: number of leads. 

9. Standard lead finish is tin plate for all grades. 
10. Controlling dimension: inch. 



24 13 




Inches (Millimeters) 



Sym 


Min 


Mdx 


Notes 


A 
b 


.150 (3.81) 
.014 (0.36) 


.200 (5.08) 
.023 (0.58) 




">1 
b 2 


.050 (1.27) 


.070 (1.78) 


.040 (1.02) Nominal 


c 
D 


.008 (0.20) 

1 oof ioi iin\ 

1.235 (31.40) 


.015 (0.38) 

1 oon /f>o rii 

1.280 (32.51) 




E 
El 


.510 (12.95) 
.590 (14.99) 


.610 (15.49) 
.620 (15.75) 




e 

e A 






.100 (2.54) Basic 
.600 (15.24) Basic 


e B 

e C 




.700 (17.78) 




L 
N 


.125 (3.17) 


.200 (5.08) 


24, Note 8 


Q 
<*1 


.015 (0.38) 
.070 (1.78) 


.060 (1.52) 




S 
Si 


.005 (0.13) 


.098 (2.49) 





Ref. 90X00181 




For More Information call 1-800-722-7074. 
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B8 



Notes: 



18- Lead Ceramic Dual In-Line Package 

Dimensions 



Inches (Millimeters) 



1. A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

2. Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal position relative to pins 1 and N 
(N = lead count). 

3. Dimensions E<| and e^: measured with leads perpendicular to the base 
plane. 

4. Dimensions E-|, eg and e^. measured to outside edge of lead. 

5. Dimension e A : measured to lead center. 

6. Dimensions D and E: inclusive of package anomalies (lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25mm). 

7. Dimensions b, b-| and c: increase maximum limits by .003 inch 



(0.08mm) when solder finish applied. 
Dimension N: number of leads. 
Standard lead finish is tin plate for all grades. 
Controlling dimension: inch. 



18 

n n n n n 



10 



D >H-M_J u u u u 



T 

E Ei 

A. 



Sym 


Min 


Max 


Notes 


A 
b 


.150 (3.81) 
.014 (0.36) 


.200 (5.08) 
.023 (0.58) 




h 

b 2 


.050 (1.27) 


.065 (1.65) 


.040 (1.02) Nominal 


c 

o 


.008 (0.20) 
Q7c ion no] 

.0/3 \LL.LL) 


.015 (0.38) 

.DlX) \LO.Ol) 




E 
El 


.280 (7.11) 
.290 (7.37) 


.305 (7.75) 
.320 (8.13) 




e 

e A 






.100 (2.54) Basic 
.300 (7.62) Basic 


e B 
e C 




.400 (10.16) 




L 
N 


.125 (3.17) 


.200 (5.08) 


18, Note 8 


Q 
Q, 


.015 (0.38) 
.070 (1.78) 


.060 (1.52) 




S 
Si 


.005 (0.13) 


.098 (2.49) 





PIN 1 1DENTIFIER 
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B9 1 6-Lead Ceramic Dual In-Line Package 

Dimensions 



Inches (Millimeters) 



Notes: 1 . A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

2. Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal position relative to pins 1 and N 
(N = lead count). 

3. Dimensions E 1 and e A : measured with leads perpendicular to the base 
plane. 

4. Dimensions E-|, eg and erj: measured to outside edge of lead. 

5. Dimension e^: measured to lead center. 

6. Dimensions D and E: inclusive of package anomalies (lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25mm). 

7. Dimensions b, b-| and c: increase maximum limits by .003 inch 
(0.08mm) when solder finish applied. 

8. Dimension N: number of leads. 

9. Standard lead finish is tin plate for all grades. 
10. Controlling dimension: inch. 



Sym 


Min 


Max 


Notes 


A 
b 


.150 (3.81) 
.014 (0.36) 


.200 (5.08) 
.023 (0.58) 




"1 
b 2 


.050 (1.27) 


.065 (1.65) 


.040 (1.02) Nominal 


c 
D 


.008 (0.20) 
.750 (19.05) 


.015 (0.38) 
.820 (20.83) 




E 
El 


.240 (7.11) 
.290 (7.37) 


.305 (7.75) 
.320 (5.13) 




e 

e A 






.100 (2.54) Basic 
.300 (7.62) Basic 


e B 
e C 




.400 (10.16) 




L 
N 


.125 (3.17) 


.200 (5.08) 


24, Note 8 


Q 

Qi 


.015 (0.38) 
.070 (1.78) 


.060 (1.52) 




S 
h 


.005 (0.13) 


.080 (2.03) 





PIN 1 1DENTIFIER 




For More information call 1 -800-722-7074. Raytheon Semiconductor 
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C1 68-Contact Hermetic Ceramic Chip Carrier 

Dimensions 



PIN 1 IDENTIFIER 




Inches (Millimeters) 



Sym 


Min 


Max 


Notes 


A 
Bl 


.082 (2.08) 
.022 (0.56) 


.110 (2.79) 
.028 (0.71) 




"3 
D 


.006 (0.15) 
.938 (23.82) 


.022 (0.56) 
.962 (24.43) 




"l 
D 2 






.075 (1.90) Ref. 
.800 (20.32) Basic 


»3 
"5 






.400 (10.16) Basic 
.850 (21.59) Ref. 


e 
e 1 


.015 (0.38) 




.050 (1.27) Basic 


h 

i 






.040 (1.02) Ref. 
.020 (0.51) Ref. 


L 


.045 (1.14) 
.003 (0.08) 


.055 (1.40) 
.015 (0.38) 




N 

ND 


.075 (1.91) 


.095 (2.41) 


68, Note 4 
17, Note 5 



Ref. 90X00181 
Notes: 1 . 



A pin one identifier shall be located adjacent to pin one and within the 
shaded area shown. 

Dimension e: each pin centerline shall be located within .007 inch 

(0.18mm) of its true longitudinal position. 

Dimension D: exclusive of package anomalies (lid misalignment, 

ceramic particles, etc.). Such anomalies shall not exceed .010 inch 

(0.25mm). 

Dimension N: number of terminals. 

Dimension ND: number of terminals per package edge. 

Controlling dimension: inch. 



T 

h 
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C2 44-Contact Hermetic Ceramic Chip Carrier 

Dimensions 



Inches (Millimeters) 




Sym 


Min 


Max 


Notes 


A 
Bl 


.064 (1.62) 
.022 (0.56) 


.110 (2.79) 
.028 (0.71) 




Bo 
D 


.006 (0.15) 
.640 (16.26) 


.022 (0.56) 
.660 (16.76) 




Dl 
D 2 






.075 (1.90) Ref. 
.500 (6.35) Basic 


°3 
D 5 






.250 (6.35) Basic 
.550 (13.97) Ref. 


e 
e 1 


.015 (0.38) 




.050 (1.27) Basic 


h 

i 






.040 (1.02) Ref. 
.020 (0.51) Ref. 


L 

1-4 


.045 (1.14) 
.003 (0.08) 


.055 (1.40) 
.015 (0.38) 




L 5 
N 

ND 


.075 (1.91) 


.095 (2.41) 


44, Note 4 
11, Note 5 



Ref. 90X00181 

Notes: 1. A pin one identifier shall be located adjacent to pin one and within the 
shaded area shown. 

2. Dimension e: each pin centerline shall be located within .007 inch 
(0.18mm) of its true longitudinal position. 

3. Dimension D: exclusive of package anomalies (lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25mm). 

4. Dimension N: number of terminals. 

5. Dimension ND: number of terminals per package edge. 

6. Controlling dimension: inch. 




For More information call 1 -800-722-7074. Raytheon Semiconductor 
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C3 28-Contact Hermetic Ceramic Chip Carrier 




28 
1 



Inches (Millimeters) 



Sym 


Min 


Max 


Notes 


A 
Bi 


.064 (1.62) 
.022 (0.56) 


.100 (2.54) 
.028 (0.71) 




B 3 
D 


.006 (0.15) 
.442 (11.23) 


.022 (0.56) 
.460 (11.68) 




°1 
D 2 






.075 (1.90) Ref. 
.300 (7.62) Basic 


"3 
n 






.150 (3.81) Basic 
.obU (o.ob) Her. 


e 
e 1 


.015 (0.38) 




.050 (1.27) Basic 


h 

i 






.040 (1.02) Ref. 
.020 (0.51) Ref. 


L 


.045 (1.14) 
.003 (0.08) 


.055 (1.40) 
.015 (0.38) 




L 5 
N 

ND 


.075 (1.91) 


.095 (2.41) 


28, Note 4 
7, Note 5 



Ref. 90X00181 
Notes: 1 



A pin one identifier shall be located adjacent to pin one and within the 
shaded area shown. 

Dimension e: each pin centerline shall be located within .007 inch 
(0.18mm) of its true longitudinal position. 

Dimension D: exclusive of package anomalies (lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25mm). 

Dimension N: number of terminals. 

Dimension ND: number of terminals per package edge. 

Controlling dimension: inch. 
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GO 68 Pin Grid Array 

Cavity Down with Flat Heat Sink 



Notes: 1. Pin one identifier shall be within shaded area shown. 

2. Dimension M: defines matrix size. 

3. Dimension N: defines pin count. 

4. Controlling dimension: inch. 

5. Optional (TRW option) index pin. 





\t 1 ■ 
































I 






*1 


0B — 


\<* — 0B 2 ^ 




-< 





Dimensions 



Inches (Millimeters) 



Sym 


Min 


Max 


Notes 


A 


.120 (3.05) 


.185 (4.70) 




Ai 


.025 (0.63) 


.060 (1.52) 




A 2 


.150 (3.81) 


.240 (6.10) 




oB 


.017 (0.43) 


.020 (0.51) 




</>B t 




.080 (2.03) 




(/>B2 






.050 (1.27) Nominal 


D 


1.140 (28.96) 


1.180 (29.97) 




Dl 






1.000 (25.40) Basic 


e 






.100 (2.54) Basic 


L 


.120 (3.05) 


.140 (3.56) 




M 






11, Note 2 


N 






68, Note 3 



Ref. 90X00181 




©©©©©000© 


©©©©©©©©©0© 


©0 




©© 




©0 




©© 


0© 




©© 


0© 




©© 


©© 




©© 


©© 




©© 


©© 




©© 




®ma 


D0©©0©( 


D©0 


| ©0©©0©(3}©©«fl 



-0Bh 



KEY (BOTTOM SIDE) FOR PIN ONE IDENTIFIER 

201 25A 



For More Information call 1-800-722-7074. 
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G5 89 Pin Grid Array 



Notes: .1. Pin one identifier shall be within shaded area shown. 

2. Dimension M: defines matrix size. 

3. Dimension N: defines pin count. 

4. Controlling dimension: inch. 

5. Optional (TRW option) index pin. 



lit 



i 



A Mo 



TTTTT 

— >\ e |<— 



TTTTTTFTi 



Dimensions 



Inches (Millimeters) 



Sym 


Min 


Max 


Notes 


A 
Ai 


.080 (2.03) 
.040 (1.02) 


.125 (3.18) 
.060 (1.52) 




A 2 

</>B 


.115 (2.92) 
.017 (0.43) 


.190 (4.83) 
.020 (0.51) 




0B 1 

<i>&2 




.080 (2.03) 


.050 (1.27) Nominal 


D 
Dl 


1.340 (34.04) 


1.380 (35.05) 


1.200 (30.48) Basic 


e 
L 


.120 (3.05) 


.150 (3.81) 


.100 (2.54) Basic 


M 
N 






13, Note 2 
88, Note 3 



Ref. 90X00181 




1 



r 



f 



-e- 

0 

© 

0 
Z0 

© 
© 
© 
© 
© 
© 



©©©©©©©©© 
©©©©©©©©© 



BOTTOM VIEW 



ORIENTATION PIN 



©©©©©©©©© 
©©©©©©©©© 



PIN 1 1DENTIFIER 



201 30A 
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G8 68 Pin Grid Array 



Dimensions 



Notes: 1. Pin one identifier shall be within shaded area shown. 

2. Dimension M: defines matrix size. 

3. Dimension N: defines pin count. 

4. Controlling dimension: inch. 

5. Optional (TRW option) index pin. 



0B- 



0B 2 " 



TEcB 



-Cl- 



inches (Millimeters) 



Sym 


Min 


Max 


Notes 


A 
«1 


.080 (2.03) 
.040 (1.02) 


.125 (3.18) 
.060 (1.52) 




An 

<pB 


.017 (0.43) 


ion 14 r*?) 
.020 (0.51) 








.080 (2.03) 


.050 (1.27) Nominal 


D 
Dl 


1.140 (28.96) 


1.180 (29.97) 


1.00 (25.4) Basic 


e 
L 


.120 (3.05) 


.150 (3.81) 


.100 (2.54) Basic 


M 
N 






11, Note 2 
68, Note 3 



Ref. 90X00181 



SEE NOTE 1 








IB 


©©©©Go©©© 

©©©©©©©©©<§>© 
0© ©© 

©© ©© 
©© ©© 
©© ©© 

©© SEE NOTE 5 ©© 
©© \^ ©© 

©© \°)Q© 
©©©©©©©©©€>© 
| ©©©©©©©©©41 








r D eh — H 




e [* — -*-| (-* — 0B, 

^< D, *i 







KEY (BOTTOM SIDE) FOR PIN ONE IDENTIFIER 



For More Information call 1-800-722-7074. 
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H5 121 Printed Circuit Board Pin Grid Array 

Cavity Up Dimensions 



Notes: 1. Pin one identifier shall be within shaded area shown. 

2. Pin diameter excludes solder dip finish. 

3. Dimension M: defines matrix size. 

4. Dimension N: defines the maximum possible number of pins. Orientation 
pin is at supplier's option. 

5. Controlling dimension: inch. 



L t Q 



An A 

ii 



TTT 



TTTTTTrf-f 



Inches (Millimeters) 



Sym 


Min 


Max 


Notes 


A 

A 


. IZD (J. I /) 


01 E IC AC\ 




Ai 


.080 (2.03) 


.160 (4.06) 




0B 


.016 (0.41) 


.020 (0.51) 


Note 2 








.050 (1.27) Nominal, Note 2 


D 


1.340 (34.04) 


1.380 (35.05) 


Square 


Dl 






1.200 (30.48) Basic 


e 






.100 (2.54) Basic 


L 


.110 (2.79) 


.145 (3.68) 




Li 


.170 (4.32) 


.190 (4.83) 




M 






13, Note 3 


N 






120, Note 4 


Q 


.040 (1.02) 


.060 (1.52) 





Ref. 90X00181 



TOP VIEW 
CAVITY UP 




©©©©©©©©©© 
©©©©©©©©©© 



© © © 
© © © 



© © © 
© © © 



©©©©©© 
©©©©©©©©© 
©©©©©©©©© 



i 



r 



© © 



© © 

© © 

© © 

© © 



© © © © 
© © © © 



BOTTOM VIEW 

ORIENTATION 

PIN. 



© © © 



© © © 
© © © 
© © © 
©©©©©©©©©© 
©©©©©©©©©© 
©©©©©©©©©© 



PIN 1 1DENTIFIER 
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H7 



89 Printed Circuit Board Pin Grid Array 
Cavity Up 



Notes: 1. 
2. 
3. 
4. 



Pin one identifier shall be within shaded area shown. 
Pin diameter excludes solder dip finish. 
Dimension M: defines matrix size. 

Dimension N: defines the maximum possible number of pins. Orientation 
pin is at supplier's option. 
Controlling dimension: inch. 



Ai A 



JTTTT 



TTTTTTTi 



Dimensions 



Inches (Millimeters) 



Sym 


Min 


Max 


Notes 


A 


.125 (3.17) 


.215 (5.46) 




A 1 


.080 (2.03) 


.160 (4.06) 




0B 


.016 (0.41) 


.020 (0.51) 


Note 2 


</>B2 






.050 (1.27) Nominal, Note 2 


D 


1.340 (34.04) 


1.380 (35.05) 


Square 


Dl 






1.200 (30.48) Basic 


e 






.100 (2.54) Basic 


L 


.110 (2.79) 


.145 (3.68) 




Li 


.170 (4.32) 


.190 (4.83) 




M 






13, Note 3 


N 






88, Note 4 


Q 


.040 (1.02) 


.060 (1.52) 





Ref. 90X00181 
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© © 



PIN 1 1DENTIFIER 



For More Information call 1-800-722-7074. 



Raytheon Semiconductor 



9-25 



Section 9 — Ordering Information & Packaging 



H8 



Notes: 



69 Printed Circuit Board Pin Grid Array 
Cavity Up 

Dimensions 



Pin one identifier shall be within shaded area shown. 
Pin diameter excludes solder dip finish. 
Dimension M: defines matrix size. 

Dimension N: defines the maximum possible number of pins. Orientation 
pin is at supplier's option. 
Controlling dimension: inch. 



L 1 U 



A< A 

11 



FTTTTTTTTTTTi 



Inches (Millimeters) 



Sym 


Min 


Max 


Notes 


A 


.125 (3.17) 


.215 (5.46) 




Ai 


.080 (2.03) 


.160 (4.06) 




<f>B 


.016 (0.41) 


.020 (0.51) 


Note 2 


<f>&2 






.050 (1.27) Nominal, Note 2 


D 


1.140 (28.96) 


1.180 (29.97) 


Square 


Dl 






1.000 (25.40) Basic 


e 






.100 (2.54) Basic 


L 


.110 (2.79) 


.145 (3.68) 




Li 


.170 (4.32) 


.190 (4.83) 




M 






11, Note 3 


N 






68, Note 4 


Q 


.040 (1.02) 


.060 (1.52) 
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JO 64-Lead Hermetic Ceramic Dual In-Line Package 

Dimensions 



Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

2. Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal position relative to pins 1 and N 
(N = leadcount). 

3. Dimensions E-j, Eg and e^: measured with leads perpendicular to the 
base plane. 

4. Dimensions E -j , eg and eg. measured to outside edge of lead. 

5. Dimensions E 3 and e A : measured to lead center. 

6. Dimensions D and E: inclusive of package anomalies (lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25mm). 

7. Dimension N: defines pin count. 

8. Controlling dimension: inch. 



BASE PLANE 

\ 



/ 



SEATING PLANE 
e c » 



Inches (Millimeters) 



Sym 


Min 


Max 


Notes 


A 
b 


.120 (3.05) 
.015 (0.38) 


.175 (4.44) 
.023 (0.58) 




b 1 

c 


.040 (1.02) 
.008 (0.20) 


.065 (1.65) 
.015 (0.38) 




D 
E 


3.170 (80.52) 
.880 (22.35) 


3.240 (82.30) 
.910 (23.11) 




El 

e 


.890 (22.61) 


.930 (23.62) 


.100 (2.54) Basic 


e A 
e B 




1.000 (25.40) 


.900 (22.86) Basic 


e C 
L 


.125 (3.17) 


.175 (4.44) 




N 
Q 


.025 (0.63) 


.065 (1.65) 


64, Note 7 


S 

*1 

S 2 


.005 (0.13) 
.005 (0.13) 


.100 (2.54) 





Ref. 90X00181 
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32 




For More Information call 1 -800-722-7074. Raytheon Semiconductor 



9-27 



Section 9 — Ordering Information & Packaging 



J1 



Notes: 1. 



64-Lead Hermetic Ceramic Dual In-Line Package 
Bottombraze with Heat Sink Dimensions 



A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

2. Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal position relative to pins 1 and N 
(N = leadcount). 

3. Dimensions E-j, E3 and e^: measured with leads perpendicular to the 
base plane. 

4. Dimensions E-j, eg and e^: measured to outside edge of lead. 

5. Dimensions E3 and e^: measured to lead center. 

6. Dimensions D and E: inclusive of package anomalies (lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25mm). 

7. Controlling dimension: inch. 

8. Dimension 0^: measured from lead braze/ceramic interface. 

9. Dimension N: defines pin count. 




Inches (Millimeters) 



Sym 


Min 


Max 


Notes 


A 

b 


.190 (4.83) 
.015 (0.38) 


.275 (6.99) 
.023 (0.58) 




c 


.040 (1.02) 
.008 (0.20) 


.065 (1.65) 
.015 (0.38) 




D 

E 


3.170 (80.52) 
.790 (20.07) 


3.240 (82.30) 
.810 (20.57) 




El 

Eo 
c 3 


.880 (22.35) 


.930 (23.62) 




e 

e A 






.100 (2.54) Basic 
.900 (22.86) Basic 


e B 
e C 


.000 (0.00) 


1.050 (26.67) 




L 
N 


.125 (3.17) 


.175 (4.44) 


64, Note 9 


Q 
&1 


.050 (1.27) 
.026 (0.66) 


.100 (2.54) 




S 
Si 

s 2 


.005 (0.13) 
.060 (1.52) 


.100 (2.54) 





Ref. 90X00181 
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J3 64-Lead Hermetic Ceramic Dual In-Line Package Bottombraze 

Dimensions 



Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

2. Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal position relative to pins 1 and N 
(N = leadcount). 

3. Dimensions E-|, E3 and e^: measured with leads perpendicular to the 
base plane. 

4. Dimensions E-j, eg and e^: measured to outside edge of lead. 

5. Dimensions E3 and e^: measured to lead center. 

6. Dimensions D and E: inclusive of package anomalies (lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25mm). 

7. Controlling dimension: inch. 

8. Dimension Q-| : measured from lead braze/ceramic interface. 

9. Dimension N: defines pin count. 



BASE PLANE 



SEATING PLANE 




Inches (Millimeters) 



Sym 


Min 


Max 


Notes 


A 
b 


.125 (3.17) 
.015 (0.38) 


.200 (5.08) 
.023 (0.58) 




b l 

c 


.040 (1.02) 
.008 (0.20) 


.065 (1.65) 
.015 (0.38) 




D 
E 


3.170 (80.52) 
.790 (20.07) 


3.240 (82.30) 
.810 (20.57) 




h 


.880 (22.35) 
.025 (0.63) 


.930 (23.62) 




e 

e A 






.100 (2.54) Basic 
.900 (22.86) Basic 


e B 
e C 




1.050 (26.67) 




L 
N 


.125 (3.17) 


.175 (4.44) 


64, Note 9 


Q 

Qi 


.050 (1.27) 
.026 (0.66) 


.100 (2.54) 




S 
Si 

s 2 


.005 (0.13) 
.005 (0.13) 


.100 (2.54) 





Ref. 90X00181 




64 33 
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J4 48-Lead Hermetic Ceramic Dual In-Line Package 



Dimensions 



Inches (Millimeters) 



Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

2. Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal position relative to pins 1 and N 
(N = leadcount). 

3. Dimensions E-j and e^: measured with leads perpendicular to the base 
plane. 

4. Dimensions E-|, eg and e^: measured to outside edge of lead. 

5. Dimension e^: measured to lead center. 

6. Dimensions D and E: inclusive of package anomalies (lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25mm). 

7. Dimension N: defines pin count. 

8. Controlling dimension: inch. 



i 

BASE PLANE j 


c 




SEATING PLANE 

e c 






\~ e B - 



Sym 


Min 


Max 


Notes 


A 
b 


.120 (3.05) 
.014 (0.35) 


.175 (4.44) 
.023 (0.58) 




■»1 

c 


.040 (1.02) 
.008 (0.20) 


.065 (1.65) 
.015 (0.38) 




D 
E 


2.370 (60.20) 
.575 (14.60) 


2.435 (61.85) 

P1 ft /ir Mf\\ 

.610 (15.49) 




El 

e 


.590 (14.99) 


.620 (15.75) 


.100 (2.54) Basic 


e A 
e B 




.700 (17.78) 


.600 (15.24) Basic 


e C 
L 


.125 (3.17) 


.200 (5.08) 




N 
Q 


.025 (0.63) 


.060 (1.52) 


48, Note 7 


S 

Si 
S 2 


.005 (0.13) 
.005 (0.13) 


.100 (2.54) 
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J5 40-Lead Hermetic Ceramic Dual In-Line Package 

Dimensions 



Inches (Millimeters) 



1. A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

2. Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal position relative to pins 1 and N 
(N = leadcount). 

3. Dimensions E-] and e^: measured with leads perpendicular to the base 
plane. 

4. Dimensions E-j, eg and e^. measured to outside edge of lead. 

5. Dimension e^: measured to lead center. 

6. Dimensions D and E: inclusive of package anomalies (lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25mm). 

7. Dimension N: defines pin count. 

8. Controlling dimension: inch. 



Sym 


Min 


Max 


Notes 


A 

b 


.120 (3.05) 
.014 (0.35) 


.175 (4.44) 
.023 (0.58) 




b 1 

c 


.040 (1.02) 
.008 (0.20) 


.065 (1.65) 
.015 (0.38) 




D 
E 


1.970 (50.04) 
.575 (14.60) 


2.030 (51.56) 
.610 (15.49) 




El 
e 


.590 (14.99) 


.620 (15.75) 


.100 (2.54) Basic 


e A 
e B 




.700 (17.78) 


.600 (15.24) Basic 


e C 
L 


.125 (3.17) 


.200 (5.08) 




N 
Q 


.025 (0.63) 


.060(1.52) 


40, Note 7 


S 
Si 

s 2 


.005 (0.13) 
.005 (0.13) 


.098 (2.49) 







PIN 1 IDENTIFIER 



s 2 

1 


O ^ 

— 1 




T 


fWWfWW 

|— S — -II— b — - 






i ' 


A BASE PLANE 




t 

Q 


, SEATING PLANE 



For More Information call 1-800-722-7074. 



Raytheon Semiconductor 



9-31 



Section 9 — Ordering Information & Packaging 



J6 



Notes: 1 . 



28-Lead Hermetic Ceramic Dual In-Line Package 

Dimensions 



A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal position relative to pins 1 and N 
(N = leadcount). 

Dimensions E-| and e^: measured with leads perpendicular to the base 
plane. 

Dimensions E-j, eg and eQ: measured to outside edge of lead. 
Dimension e^: measured to lead center. 

Dimensions D and E: inclusive of package anomalies (lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25mm). 

Dimension N: defines pin count. 
Controlling dimension: inch. 



Inches (Millimeters) 



Sym 


Min 


Max 


Notes 


A 
b 


.120 (3.05) 
.014 (0.35) 


.175 (4.44) 
.023 (0.58) 




bi 

c 


.040 (1.02) 
.008 (0.20) 


.065 (1.65) 
.015 (0.38) 




D 
E 


1.380 (35.05) 
.575 (14.60) 


1.420 (36.07) 
.610 (15.49) 




El 
e 


.590 (14.99) 


.620 (15.75) 


.100 (2.54) Basic 


e A 
e B 




.700 (17.78) 


.600 (15.24) Basic 


e C 
L 


.125 (3.17) 


.200 (5.08) 




N 
Q 


.025 (0.63) 


.060 (1.52) 


28, Note 7 


S 

Si 
S 2 


.005 (0.13) 
.005 (0.13) 


.098 (2.49) 




Ref. 90X00181 
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J7 



Notes: 1. 



24-Lead Hermetic Ceramic Dual In-Line Package 

Dimensions 



A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal position relative to pins 1 and N 
(N = leadcount). 

Dimensions E-| and e^: measured with leads perpendicular to the base 
plane. 

Dimensions E-|, eg and eQ: measured to outside edge of lead. 
Dimension e^: measured to lead center. 

Dimensions D and E: inclusive of package anomalies (lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25mm). 

Dimension N: defines pin count. 
Controlling dimension: inch. 




Inches (Millimeters) 



Sym 


Min 


Max 


Notes 


A 
b 


.120 (3.05) 
.014 (0.35) 


.175 (4.44) 
.023 (0.58) 




c 


.040 (1.02) 
.008 (0.20) 


.065 (1.65) 
.015 (0.38) 




D 

C 


1.180 (29.97) 

.0/0 (IH.DU) 


1.220 (30.99) 

.DIU llO.Ho) 




El 

e 


.590 (14.99) 


.620 (15.75) 


.100 (2.54) Basic 


e A 
e B 




.700 (17.78) 


.600 (15.24) Basic 


e C 
L 


.125 (3.17) 


.200 (5.08) 




N 
Q 


.025 (0.63) 


.060 (1.52) 


24, Note 7 


S 

Si 

S 2 


.005 (0.13) 
.005 (0.13) 


.098 (2.49) 





Ref. 90X00181 
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J8 18- Lead Hermetic Ceramic Dual In-Line Package 



Dimensions 



Inches (Millimeters) 



Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

2. Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal position relative to pins 1 and N 
(N = leadcount). 

3. Dimensions E-j and e^: measured with leads perpendicular to the base 
plane. 

4. Dimensions E-j, eg and e^. measured to outside edge of lead. 

5. Dimension e^: measured to lead center. 

6. Dimensions D and E: inclusive of package anomalies (lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25mm). 

7. Dimension N: defines pin count. 

8. Controlling dimension: inch. 



10 



E *1 



Sym 


Min 


Max 


Notes 


A 

D 


.100 (2.54) 
m/j in qki 

.UI4 (U.oD) 


.175 (4.44) 
noQ in kq\ 




"i 

C 


.040 (1.02) 
.008 (0.20) 


.065 (1.65) 
.015 (0.38) 




D 

E 


.885 (22.48) 
.285 (7.24) 


.915 (23.24) 
.305 (7.75) 




El 
e 


.290 (7.37) 


.320 (8.13) 


.100 (2.54) Basic 


e A 
e B 




.400 (10.16) 


.300 (7.62) Basic 


e C 
L 


.125 (3.17) 


.200 (5.08) 




N 
Q 


.015 (0.38) 


.060 (1.52) 


18, Note 7 


S 

St 
S 2 


.005 (0.13) 
.005 (0.13) 


.098 (2.49) 
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J9 1 6-Lead Hermetic Ceramic Dual In-Line Package 



Dimensions 



Notes: 1 . A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

2. Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal position relative to pins 1 and N 
(N = leadcount). 

3. Dimensions and e^: measured with leads perpendicular to the base 
plane. 

4. Dimensions E^, e B and e^. measured to outside edge of lead. 

5. Dimension e^: measured to lead center. 

6. Dimensions D and E: inclusive of package anomalies (lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25mm). 

7. Dimension N: defines pin count. 

8. Controlling dimension: inch. 



16 



9 







, f—, r-n r-, r-, ■ 




t f 


H 










§ 




S> , , , , w , 1 




\ \ 



Inches (Millimeters) 



Sym 


Min 


Max 


Notes 


A 
b 


.100 (2.54) 
.014 (0.35) 


.175 (4.44) 
.023 (0.58) 




c 


.040 (1.02) 
.008 (0.20) 


.065 (1.65) 
.015 (0.38) 




D 
E 


.790 (20.07) 
.285 (7.24) 


.810 (20.57) 
.305 (7.75) 




El 

e 


.290 (7.37) 


.320 (8.13) 


.100 (2.54) Basic 


e A 
e B 




.400 (10.16) 


.300 (7.62) Basic 


e C 
L 


.125 (3.17) 


.200 (5.08) 




N 
Q 


.015 (0.38) 


.060 (1.52) 


16, Note 7 


S 
Si 

s 2 


.005 (0.13) 
.005 (0.13) 


.080 (2.03) 





Ref. 90X00181 
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L1 68 Leaded Hermetic Ceramic Chip Carrier 

Dimensions 



Inches (Millimeters) 




Cum 

oyiii 






Notes 


A 


.080 (2.03) 


.115 (2.92) 




A 1 


nin /1 toy 

.070 (1.78) 


inn /i r a \ 

.100 (2.54) 




A 2 


.005 (0.13) 


.015 (0.38) 




b 


.016 (0.41) 


.022 (0.56) 




c 


.009 (0.23) 


.012 (0.30) 




D 


.935 (23.75) 


.970 (24.64) 




Dl 






.075 (1.91) Ref. 


D 2 






.800 (20.32) Basic 


D 3 






.400 (10.16) Basic 


e 






.050 (1.27) Basic 


L 


.350 (8.98) 


.400 (10.16) 




N 






68, Note 4 


ND 






17, Note 5 



Ref. 90X00181 

Notes: 1. A pin one identifier shall be located adjacent to pin one and within the 
shaded area shown. 

2. Dimension e: each pin centerline shall be located within .007 inch 
(0.18mm) of its true longitudinal position. 

3. Dimension Dy. exclusive of package anomalies (lid misalignment, ceramic 
particles, etc.). Such anomalies shall not exceed .010 inch (0.25mm). 

4. Dimension N: number of terminals. 

5. Dimension ND: number of terminals per package edge. 

6. Controlling dimension: inch. 



.J. 
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L3 



Notes: 1. 



84 Leaded Hermetic Ceramic Chip Carrier 

Dimensions 



Inches (Millimeters) 



A pin one identifier shall be located adjacent to pin one and within the 
shaded area shown. 

Dimension D-|: exclusive of package anomalies (lid misalignment, ceramic 

particles, etc.). Such anomalies shall not exceed .010 inch (0.25mm). 

Dimension N: number of terminals. 

Dimension ND: number of terminals per package edge. 

Controlling dimension: inch. 




Sym 


Min 


Max 


Notes 


A 
*1 


.UUU \ 1 .Ut-I 

.055 (1.40) 


1 00 (2 541 
.075 (1.91) 




A 2 
b 


.UUD (U. Io) 
.008 (0.20) 


not; /n ra\ 
.012 (0.30) 




c 

°i 


.005 (0.13) 
.640 (16.25) 


.009 (0.23) 
.660 (16.76) 




D 2 
°3 






.250 (6.35) Basic 
.500 (12.70) Basic 


e 
e 1 






.025 (0.64) Basic 
.035 (0.89) Ref. 


L 

•-2 


.350 (8.98) 


.445 (11.30) 


.016 (0.41) Ref. 


N 

ND 






84, Note 3 
21, Note 4 


T 
Tl 






.015 (0.38) M 
.004 (0.10) M 


Ref. 90X00181 





T 


C 


A© 


B0 






C 







iti«ii 




t 




^ L 






c 
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L4 



100 Leaded Hermetic Ceramic Chip Carrier 

Dimensions 



Notes: 1 . 



A pin one identifier shall be located adjacent to pin one and within the 
shaded area shown. 

Dimension D-j: exclusive of package anomalies (lid misalignment, ceramic 

particles, etc.). Such anomalies shall not exceed .010 inch (0.25mm). 

Dimension N: number of terminals. 

Dimension ND: number of terminals per package edge. 

Controlling dimension: inch. 



100 



-B- 




PIN 1 IDENTIFIER LOCATED 
ON THE BOTTOM 



Inches (Millimeters) 



Sym 


Min 


Max 


Notes 


A 
Ai 


.080 (2.03) 
.075 (1.91) 


.120 (3.05) 
.095 (2.41) 




A? 
b 


.005 (0.13) 
.008 (0.20) 


.025 (0.64) 
.012 (0.30) 




c 

"i 


.005 (0.13) 
.740 (18.80) 


.009 (0.23) 
.760 (19.30) 




D 2 
"3 






.300 (7.62) Basic 
.600 (15.24) Basic 


e 
e 1 






.025 (0.64) Basic 
.025 (0.64) Ref. 


L 

1-2 


.275 (6.98) 


.330 (8.38) 


.016 (0.41) Ref. 


N 

ND 






100, Note 3 
25, Note 4 


T 
Tl 






.020 (0.51) M 
.005 (0.13) M 



Ref. 90X00181 
50 





T 


C 


A© 


B(S) 




Tl 


C 






9-38 



Raytheon Semiconductor 



For More Information call 1-800-722-7074. 



Section 9 — Ordering Information & Packaging 



L5 1 32 Leaded Cerquad 



Dimensions 



A pin one identifier shall be located adjacent to pin one and within the 
shaded area shown. 

Dimensions Di and E^: exclusive of package anomalies (lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25mm). 

Dimension N: number of terminals. 

Dimension ND: number of terminals per package edge. 

Controlling dimension: inch. 



Inches (Millimeters) 



Sym 


Min 


Max 


Notes 


A 
*1 


.114 (2.89) 
.055 (1.40) 


.154 (3.91) 
.075 (1.90) 




b 
c 


.008 (0.20) 
.005 (0.13) 


.012 (0.30) 
.009 (0.23) 




D, E 


.860 (21.83) 


.900 (22.84) 


1.415 (35.94) Ref. 


e 
L 


.220 (5.58) 


.320 (8.12) 


.025 (0.64) Basic 


N 

ND 






132, Note 3 
33, Note 4 






^ ^ 

oannnoonanaDnanDDDDQonnnnonnnnnna 
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L6 100 Leaded Cerquad 



Notes: 1 . A pin one identifier shall be located adjacent to pin one and within the 
shaded area shown. 

2. Dimensions Di and exclusive of package anomalies (lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25mm). 

3. Dimension N: number of terminals. 

4. Dimension ND: number of terminals per package edge. 

5. Controlling dimension: inch. 



Dimensions 



Inches (Millimeters) 



Sym 


Min 


Max 


Notes 


A 


.114 (2.89) 


.154 (3.91) 




Ai 


.055 (1.40) 


.075 (1.90) 




b 


.008 (0.20) 


.012 (0.30) 




c 


.005 (0.13) 


.009 (0.23) 




D, E 






1.300 (32.95) Ref. 


D 1f E t 


.670 (17.02) 


.760 (19.30) 




e 






.025 (0.64) Basic 


L 


.220 (5.58) 


.320 (8.12) 




N 






100, Note 3 


ND 






25, Note 4 












-« D, - 


L ► 








aaaaaaaaaaaaaaaaaaaaaaaaa 


201 63A 
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M3 20-Lead Plastic SOIC, .300" 




yyyyyyyyy 



Dimensions 



Inches (Millimeters) 



Sym 


Min 


Max 


Notes 


A 
b 


.093 (2.36) 
.014 (0.36) 


.104 (2.64) 
.019 (0.48) 




c 


.009 (0.23) 


.013 (0.33) 




D 
E 


.496 (12.60) 
.291 (7.39) 


.512 (13.01) 
.299 (7.60) 




El 
e 


.394 (10.01) 


.419 (10.64) 


.050 (1.27) Typ. 


L 
N 
Q 


.004 (0.10) 


.012 (0.30) 


20 
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M9 16-Lead Plastic SOIC, .300" 



mum 




Dimensions 



Inches (Millimeters) 



Sym 


Min 


Max 


Notes 


A 
b 


.093 (2.36) 
.014 (0.36) 


.104 (2.64) 
.020 (0.51) 




c 


.009 (0.23) 


.013 (0.33) 




D 
E 


.398 (10.11) 
.291 (7.39) 


.413 (10.50) 
.299 (7.60) 




El 
e 


.394 (10.01) 


.419 (10.64) 


.050 (1.27) Typ. 


F 
L 


.089 (2.26) 


.092 (2.34) 




N 
Q 

a 


.004 (0.10) 


.012 (0.30) 


16 
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ME 14-Lead Plastic SOIC, .150" 



PIN 1 1DENTIFIER 



yyyyyyy 



Dimensions 



Inches (Millimeters) 



Cum 


MM 


Mow 

Max 


Notes 


A 

b 


.053 (1.35) 
.014 (0.36) 


.069 (1.75) 
.020 (0.51) 




c 


.008 (0.20) 


.010 (0.25) 




D 
E 


.335 (8.51) 
.150 (3.81) 


.344 (8.74) 
.157 (3.99) 




El 
e 


.228 (5.79) 


.244 (6.20) 


.050 (1.27) Typ. 


F 
L 


.049 (1.25) 


.059 (1.50) 




N 
Q 

a 


.004 (0.10) 


.010 (0.25) 


14 



Ref. 90X00181 



_ jj bJ bd LJ lul bd ud -j — 

_ t 



SEATING PUNE 
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t 
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MH 8-Lead Plastic SOIC, .150" 



MM 



PIN1 

IDENTIFIER 



1 

b— * 

B5 



Dimensions 



Inches (Millimeters) 



Sym 


Min 


Max 


Notes 


A 
b 


.053 (1.35) 
.014 (0.36) 


.069 (1.75) 
.019 (0.48) 




c 


.007 (0.18) 


.010 (0.25) 




D 

E 


.188 (4.78) 
.150(3.81) 


.196 (4.98) 
.158(4.01) 




El 
e 


.228 (5.79) 


.244 (6.20) 


.050 (1.27) Typ. 


F 
L 


.049 (1.25) 


.059 (1.50) 




N 
Q 

a 


.004 (0.10) 


.010 (0.25) 


8 



Ref. 90X00181 



SEATING PLANE 



Lsf 

t 



9-44 



Raytheon Semiconductor For Mom information can 1^00-722-7074. 



Section 9 — Ordering Information & Packaging 



NO 64-Lead Plastic Dual In-Line Package 

Dimensions 



Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

2. Each pin centerline shall be located within .010 inch (0.25mm) of its 
true longitudinal position. 




Inches (Millimeters) 



Sym 


Min 


Max 


Notes 


A 

b 


.014 (0.35) 


.250 (6.35) 
.022 (0.56) 




■h 
C 


.030 (0.76) 
.008 (0.20) 


.070 (1.78) 
.015 (0.38) 




D 
">1 


3.05 (77.47) 
.005 (0.13) 


3.245 (82.42) 




E 
El 


.745 (18.92) 
.900 (22.86) 


.840 (21.34) 
.925 (23.50) 




e 
F 


.125 (3.18) 


.195 (4.95) 


.100 (2.54) Basic 


L 
Q 

a 


.115 (2.92) 
.015 (0.38) 
0° 


.200 (5.08) 
15° 




Ref. 90X00181 




s PIN 1 IDENTIFIER 



-Dl 



SEATING PLANE 
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N1 20-Lead Plastic Dual In-Line Package 

Dimensions 



Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 
2. Each pin centerline shall be located within .010 inch (0.25mm) of its 
true longitudinal position. 



nnnnnnnnnn 




PIN 1 1DENTIFIER 



JW/fW 

-b — e |«— 



BASE PLANE 



Inches (Millimeters) 



Sym 


Min 


Max 


Notes 


A 


.145 (3.68) 


.200 (5.08) 




b 


.015 (0.38) 


.021 (0.53) 










.060 (1.52) Typ. 


C 


.009 (0.23) 


.015 (0.38) 




D 


1.013 (25.73) 


1.040 (26.42) 




°1 


.005 (0.13) 






E 


.255 (6.48) 


.265 (6.73) 




El 


.310 (7.87) 


.363 (9.27) 




e 


.090 (2.29) 


.110 (2.79) 




F 


.125 (3.18) 


.135 (3.43) 




L 


.125 (3.18) 


.140 (3.56) 




Q 


.020 (0.51) 






a 


0° 


15° 





Ref. 90X00181 



\l \ 



SEATING PLANE 



\ T 
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N2 24-Lead Plastic Dual In-Line Package, .300 M 

Dimensions 



Notes: 1 . A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

2. Each pin centerline shall be located within .010 inch (0.25mm) of its 
true longitudinal position. 




b e 

— **hh — I 



Inches (Millimeters) 



Cum 

oyiii 


IVIIII 


May 
IVIaX 


IV (J ICS 


A 


.130 (3.30) 


.230 (5.84) 




b 


.014 (0.35) 


.023 (0.58) 




"i 


.045 (1.14) 


.070 (1.78) 




c 


.008 (0.20) 


.015 (0.38) 




D 


1.180 (29.97) 


1.285 (32.64) 




°1 


.005 (0.13) 






E 


.240 (6.10) 


.310 (7.87) 




El 






.300 (7.62) Basic 


e 






.100 (2.54) Basic 


F 


.115 (2.92) 


.195 (4.95) 




L 


.115 (2.92) 


.200 (5.08) 




Q 


.015 (0.38) 






a 


0° 


15° 





Ref. 90X00181 
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N4 



Notes: 



48-Lead Plastic Dual In-Line Package 

Dimensions 



1. A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

2. Each pin centerline shall be located within .010 inch (0.25mm) of its 
true longitudinal position. 




Inches (Millimeters) 



Sym 


Min 


Max 


Notes 


A 
b 


.014 (0.35) 


.250 (6.35) 
.022 (0.56) 




C 


.030 (0.76) 
.008 (0.20) 


.070 (1.78) 
.015 (0.38) 




D 
Dl 


2.375 (60.32) 
.005 (0.13) 


2.490 (63.25) 




E 
El 


.485 (12.32) 
.600 (15.24) 


.580 (14.73) 
.625 (15.87) 




e 
F 


.125 (3.18) 


.195 (4.95) 


.100 (2.54) Basic 


L 
Q 

a 


.115 (2.92) 
.015 (0.38) 
0° 


.200 (5.08) 
15° 





Ref. 90X00181 




S PIN 1 IDENTIFIER 





SEATING PLANE 
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N5 40-Lead Plastic Dual In-Line Package 

Dimensions 



Notes: 1 . A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 
2. Each pin centeriine shall be located within .010 inch (0.25mm) of its 
true longitudinal position. 




Inches (Millimeters) 



Sym 


Min 


Max 


Notes 


A 

b 


.014 (0.35) 


.250 (6.35) 
.022 (0.56) 




C 


.030 (0.76) 
.008 (0.20) 


.070 (1.78) 
.015 (0.38) 




D 
Dl 


1.980 (50.29) 
.005 (0.13) 


2.095 (53.21) 




E 
El 


.485 (12.32) 
.600 (15.24) 


.580 (14.73) 
.625 (15.87) 




e 
F 


.125 (3.18) 


.195 (4.95) 


.100 (2.54) Basic 


L 
Q 

a 


.115 (2.92) 
.015 (0.38) 
0° 


.200 (5.08) 
15° 




Ref. 90X00181 




mtmwm 



-D, 



F T A 



SEATING PLANE 
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N6 28-Lead Plastic Dual In-line Package 



Dimensions 



Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 
2. Each pin centerline shall be located within .010 inch (0.25mm) of its 
true longitudinal position. 




Inches (Millimeters) 



Sym 


Min 


Max 


Notes 


A 
b 


.014 (0.36) 


.250 (6.35) 
.022 (0.56) 




■»1 
C 


.030 (0.76) 
.008 (0.20) 


.070 (1.78) 
.015 (0.38) 




D 
Dl 


1.380 (35.05) 
.005 (0.13) 


1.565 (39.75) 




E 
El 


.485 (12.32) 
.600 (15.24) 


.580 (14.73) 
.625 (15.88) 




e 
F 






.100 (2.54) Basic 


L 
Q 

a 


.115 (2.92) 
.015 (0.38) 
0° 


.200 (5.08) 
15° 





' PIN 1 1DENTIFIER 



Ref. 90X00181 
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N7 24-Lead Plastic Dual In-Line Package 



Dimensions 



Inches (Millimeters) 



Notes: 1 . A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 
2. Each pin centerline shall be located within .010 inch (0.25mm) of its 
true longitudinal position. 




' PIN 1 1DENTIFIER 



Cm 

oym 


Min 
MM 


IVlaX 


Klntoo 

iii oies 


A 




.250 (6.35) 




b 


.014 (0.35) 


.022 (0.56) 




*>1 


.030 (0.76) 


.070 (1.78) 




C 


.008 (0.20) 


.015 (0.38) 




D 


1.150 (29.21) 


1.290 (32.77) 




Dl 


.005 (0.13) 






E 


.485 (12.32) 


.580 (14.73) 




El 


.600 (15.24) 


.625 (15.88) 




e 






.100 (2.54) Basic 


F 


.125 (3.18) 


.195 (4.95) 




L 


.115 (2.92) 


.200 (5.08) 




Q 


.015 (0.38) 






a 


0° 


15° 





Ref. 90X00181 
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N8 1 8-Lead Plastic Dual In-Line Package 



Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

2. Each pin centerline shall be located within .010 inch (0.25mm) of its 
true longitudinal position. 



PIN 1 1DENTIFIER 




I 




BASE PLANE 



— b — >| e [<— 



Dimensions 



Inches (Millimeters) 



Sym 


Min 


Max 


Notes 


A 




.210 (5.33) 




b 


.014 (0.36) 


.022 (0.56) 




■»1 


.045 (1.14) 


.070 (1.78) 




C 


.008 (0.20) 


.015 (0.38) 




D 


.845 (21.46) 


.925 (23.50) 




Dl 


.005 (0.13) 






E 


.240 (6.10) 


.280 (7.11) 




El 


.300 (7.62) 


.325 (8.25) 




e 






.100 (2.54) Basic 


F 


.115 (2.92) 


.195 (4.95) 




L 


.115 (2.92) 


.160 (4.06) 




Q 


.015 (0.38) 






a 


0° 


15° 





Ref. 90X00181 
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N9 1 6-lead Plastic Dual In-Line Package 



Dimensions 



Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

2. Each pin centerline shall be located within .010 inch (0.25mm) of its 
true longitudinal position. 




1—1 1—1 1—1 1—1 1—1 LJ 



T 

E 

_i 



Inches (Millimeters) 



Sym 


Min 


Max 


Notes 


A 




.210 (5.33) 




b 


.014 (0.35) 


.022 (0.56) 






.045 (1.14) 


.070 (1.78) 




C 


.008 (0.20) 


.015 (0.38) 




D 


.745 (18.92) 


.840 (21.34) 




°1 


.005 (0.13) 






E 


.240 (6.10) 


.280 (7.11) 




El 


.300 (7.62) 


.325 (8.25) 




e 






.100 (2.54) Basic 


F 


.115 (2.92) 


.195 (4.95) 




L 


.115 (2.92) 


.160 (4.06) 




Q 


.015 (0.38) 






a 


0° 


15° 





Ref. 90X00181 



BASE PLANE 



SEATING PLANE 
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NH 8-Lead Plastic Dual In-Llne Package 



Dimensions 



Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 
2. Each pin centerline shall be located within .010 inch (0.25mm) of its 
true longitudinal position. 



1 



JTT 



PIN1 

IDENTIFIER 



Inches (Millimeters) 



Sym 


Min 


Max 


Notes 


A 
b 


.145 (3.68) 
.015 (0.38) 


.200 (5.08) 
.021 (0.53) 




C 


.009 (0.23) 


.015 (0.38) 


.060 (1.52) Typ. 


D 
Dl 


.373 (9.47) 
.005 (0.13) 


.400 (10.16) 




E 
El 


.245 (6.22) 
.310 (7.87) 


.255 (6.48) 
.365 (9.27) 




e 
F 


.090 (2.29) 
.125 (3.18) 


.110 (2.79) 
.135 (3.43) 




L 
Q 

a 


.125 (3.18) 
.020 (0.51) 
0° 


.140 (3.56) 
15° 





Ref. 90X00181 
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RO 



Notes: 



84-Lead Plastic J-Leaded Chip Carrier 

Dimensions 



Inches (Millimeters) 



1. All dimensions and tolerances conform to ANSI Y14.5M-1982. 

2. Datum plane (-H-) located at top of mold parting line and 
coincident with top of lead, where lead exits plastic body. 

3. Dimension D-| and do not include mold protrusion. Allowable 
protrusion is .010 inch (0.25mm). 

4. Details of pin 1 identifier are optional but must be located within the 
zone indicated. 

5. Dimension N: number of terminals. 

6. Dimension ND: number of terminals per package edge. 

7. Controlling dimension: inch. 



Sym 


Min 


Max 


Notes 


A 


ice ia on) 


onn /R nfil 

.£UU \3.U0J 




Al 


.090 (2.29) 


.130 (3.30) 




b 


.013 (0.33) 


.021 (0.53) 




h 


.026 (0.66) 


.032 (0.81) 




D 


1.185 (30.10) 


1.195(30.35) 




»1 


1.150 (29.21) 


1.158 (29.41) 


Note 3 


E 


1.185 (30.10) 


1.195(30.35) 




El 


1.150 (29.21) 


1.158 (29.41) 


Note 3 


N 






84, Note 5 


ND 






21, Note 6 


Q 


.020 (0.51) 







Ref. 90X00181 



74 

nnnnnnnnnnni 



75[ 
C 
C 
C 

c 
c 
c 
c 
c 

84[ 

1 4 
c 
c 
c 
c 
c 
c 
c 
c 
c 

11 c 



t PIN 1 1DENTIFIER 
(SEE NOTE 4) 



JUUUUUUUUUUUUUUUUUU 

32 
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R1 68-Lead Plastic J-Leaded Chip Carrier 



Dimensions 



Inches (Millimeters) 



Notes: 



All dimensions and tolerances conform to ANSI Y14.5M-1982. 
Datum plane (-H-) located at top of mold parting line and 
coincident with top of lead, where lead exits plastic body. 
Dimension D-| and Ei do not include mold protrusion. Allowable 
protrusion is .010 inch (0.25mm). 

Details of pin 1 identifier are optional but must be located within the 
zone indicated. 

Dimension N: number of terminals. 

Dimension ND: number of terminals per package edge. 

Controlling dimension: inch. 




44 

nnnnnnnn- 



Sym 


Min 


Max 


Notes 










*i 


.090 (2.29) 


.130 (3.30) 




b 


.013 (0.33) 


.021 (0.53) 




"l 


.026 (0.66) 


.032 (0.81) 




D 


.985 (25.02) 


.995 (25.27) 




"1 


.950 (24.13) 


.958 (24.33) 


Note 3 


E 


.985 (25.02) 


.995 (25.27) 




El 


.950 (24.13) 


.958 (24.33) 


Note 3 


e 






.050 (1.27) Basic 


N 






68, Note 5 


ND 






17, Note 6 


Q 


.020 (0.51) 







Ref. 90X00181 
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11 
"t 



UUUUUUl 
10 



IUUUUUUUUUU- 
26 



Di D 



D 
1 
1 

1 — 

3 
1 

127 



i 





\ DATUM PLANE (-H-) 


Hi 


mm 

-A 


mmm 

<< b 


IjJijlj^d ^ SEATING PLANE 
Q 
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R2 



44-Lead Plastic J-Leaded Chip Carrier 

Dimensions 



Notes: 



1. All dimensions and tolerances conform to ANSI Y14.5M-1 982. 

2. Datum plane (-H-) located at top of mold parting line and 
coincident with top of lead, where lead exits plastic body. 

3. Dimension D*| and Ei do not include mold protrusion. Allowable 
protrusion is .010 inch (0.25mm). 

4. Details of pin 1 identifier are optional but must be located within the 
zone indicated. 

5. Dimension N: number of terminals. 

6. Dimension ND: number of terminals per package edge. 

7. Controlling dimension: inch. 




Inches (Millimeters) 



Sym 


Min 


Max 


Notes 


A 


.165 (4.20) 


.180 (4.57) 






.090 (2.29) 


.120 (3.04) 




b 


.013 (0.33) 


.021 (0.53) 




"1 


.026 (0.66) 


.032 (0.81) 




D 


.685 (17.40) 


.695 (17.65) 




°1 


.650 (16.51) 


.656 (16.66) 


Note 3 


E 


.685 (17.40) 


.695 (17.65) 




El 


.650 (16.51) 


.656 (16.66) 


Note 3 


e 






.050 (1.27) Basic 


N 






44, Note 5 


ND 






11, Note 6 


Q 


.020 (0.51) 







Ref. 90X00181 



DATUM PLANE (-H-) 




For More Information call 1-800-722-7074. 
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R3 28-Lead Plastic J-Leaded Chip Carrier 

Dimensions 



Notes: 1. All dimensions and tolerances conform to ANSI Y1 4. 5M-1 982. 

2. Datum plane (-H-) located at top of mold parting line and coincident 
with top of lead, where lead exits plastic body. 

3. Dimension D 1 and E-| do not include mold protrusion. Allowable 
protrusion is .010 inch (.245mm). 

4. Details of pin 1 identifier are optional but must be located within the 
zone indicated. 

5. Dimension N: number of terminals. 

6. Dimension ND: number of terminals per package edge. 
' 7. Controlling dimension: inch. 




Inches (Millimeters) 



Sym 


Mirt 


Max 


Notes 


A 


.165 (4.20) 


.180 (4.57) 




A 1 


.900 (2.29) 


.120 (3.04) 




b 


.013 (0.33) 


.021 (0.53) 






.026 (0.66) 


.032 (0.81) 




D 


.485 (12.32) 


.495 (12.57) 




Dl 


.450 (11.43) 


.456 (11.58) 


Note 3 


E 


.485 (12.32) 


.495 (12.57) 




El 


.450 (11.43) 


.456 (11.58) 


Note 3 


e 






.050 (1.27) Basic 


N 






28, Note 5 


ND 






7, Note 6 


Q 


.020 (0.51) 







Ref. 90X00181 
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D-8 8-Lead Ceramic Dual In-Line Package 




Dimension 


Inches 


Millimeters 


MIn 




Max 


MIn 


Max 


A 


.200 


5.08 


b1 


.014 




.023 


.36 


.58 


DZ 


.045 




.065 


1.14 


1.65 


fM 

V/l 


.008 




.015 


.20 


.38 


D 


.405 


10.29 


E 


.220 




.310 


5.59 


7.87 


E1 


.290 




.320 


7.37 


8.13 


e 


.100 BSC 


2.54 BSC 


L 


.125 




.200 


3.18 


5.08 


L1 


.140 


3.56 


Q 


.015 




.060 


.38 


1.52 


S 


.055 


1.35 


S1 


.005 


.13 


a 


0° 




15° 


0° 


15° 



65-6373 



For More Information, call 1-800-722-7074. 
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D-1 4 1 4-Lead Ceramic Dual In-Line Package 



Dimension 


Inches 


Millimeters 


MIn Max 


MIn Max 


A 


.200 


5.08 


b1 


.014 .023 


.36 .58 


b2 


.045 .065 


1.14 1.65 


C1 


.008 .015 


.20 .38 


D 


.785 


19.94 


E 


.220 .310 


5.59 7.87 


E1 


.290 .320 


7.37 8.13 


e 


.100 BSC 


2.54 BSC 


L 


.125 .200 


3.18 5.08 


L1 


.140 


3.56 


Q 


.015 .060 


.38 1.52 


S 


.098 


2.49 


S1 


.005 


.13 


a 


0° 15° 


0° 15° 



S1 



3 



LJ^L-J UUU ULjJ 



b'-H 



WTO 



u 



i_L 



b2 



-E1- 
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For More Information, call 1-800-722-7074. 
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D-1 6 1 6-Lead Ceramic Dual In-Line Package 



Dimension 


Inches 


Millimeters 


Mln Max 


Mln Max 


A 


.200 


5.08 


b1 


.014 .023 


.36 .58 


b2 


.045 .065 


1.14 1.65 


C1 


.008 .015 


.20 .38 


D 


.840 


21.34 


E 


.220 .310 


5.59 7.87 


E1 


.290 .320 


7.37 8.13 


e 


.100 BSC 


2.54 BSC 


L 


.125 .200 


3.18 5.08 


L1 


.140 


3.56 


Q 


.015 .060 .38 


1.52 


S 


.098 


2.49 


S1 


.005 


.13 


a 


0° 15° 


0° 15° 




For More Information, call 1-800-722-7074. 
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D-1 8 1 8-Lead Ceramic Dual In-Line Package 



Dimension 


Inches 


Millimeters 


Mln Max 


Mln Max 


A 


.200 


5.08 


b1 


.014 .023 


.36 .58 


b2 


.045 .065 


1.14 1.65 


C1 


.008 .015 


.20 .38 


D 


.840 


21.34 


b 


.220 .310 


5.59 7.87 


E1 


AAA AAA 

.290 .320 


7.37 8.13 


e 


.100 BSC 


2.54 BSC 


L 


.125 .200 


3.18 5.08 


L1 


.140 


3.56 


Q 


.015 .060 


.38 1.52 


S 


.098 


2.49 


S1 


.005 


.13 


a 


0° 15° 


0° 15° 



< D » 

mnr-inm rnrnnn 




65-6384 
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D-20 20-Lead Ceramic Dual In-Line Package 



Dimension 


Inches 


Millimeters 


Mln 




Max 


Mln 


Max 


A 


.200 


5.08 


b1 


.014 




.023 


.36 


.58 


b2 


.045 




.065 


1.14 


1.65 


C1 


.008 




.015 


.20 


.38 


D 


1.060 


26.92 


E 


.220 




.310 


5.59 


7.87 


E1 


.290 




.320 


7.37 


8.13 


e 


.100 BSC 


2.54 BSC 


L 


.125 




.200 


3.18 


5.08 


L1 


.125 


3.56 


Q 


.015 




.070 


.38 


1.78 


S 


.080 


2.03 


S1 


.005 


.13 


a 


0° 




15° 


0° 


15° 




For More Information, call 1-800-722-7074. 
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D-24 24-Lead Ceramic Dual In-Line Package (0.3" Wide) 



Dimension 


Inches 


Millimeters 


Mln Max 


Mln Max 


A 


.200 


5.08 


b1 


.014 .023 


.36 .58 


b2 


.045 .065 


1.14 1.65 


C1 


.008 .015 


.20 .38 


D 


1.280 


32.51 


E 


.220 .310 


5.59 7.87 


E1 


.290 .320 


7.37 8.13 


e 


.100 BSC 


2.54 BSC 


L 


.125 .200 


3.18 5.08 


L1 


.140 


3.56 


Q 


.015 .060 


.38 1.52 


S 


.080 


2.03 


S1 


.005 


.13 


a 


0° 15° 


0° 15° 
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D-24W 24-Lead Ceramic Dual In-Line Package (0.6" Wide) 



Dimension 


Inches 


Millimeters 


Mln 




Max 


Mln 


Max 


A 


.225 


5.72 


b1 


.014 




.023 


.36 


.58 


b2 


.045 




.065 


1.14 


1.65 


C1 


.008 




.015 


.20 


.38 


D 


1.290 


32.77 


E 


.500 




.610 


12.70 


15.47 


E1 


.590 




.620 


14.99 


15.75 


e 


.100 BSC 


2.54 BSC 


L 


.120 




.200 


3.05 


5.08 


L1 


.135 


3.43 


Q 


.015 




.075 


.38 


1.91 


S 


.098 


2.49 


S1 


.005 


.13 


a 


0° 




15° 


0° 


15° 




For More Information, call 1-800-722-7074. 
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F-1 6 1 6-Lead Ceramic Gull Wing Flat Pack 



Dimension 


Inches 


Millimeters 


Min Max 


Min Max 


A 


.090 .133 


2.28 3.38 


A1 


.023 .033 


0.58 0.84 


b 


.013 .017 


0.33 0.43 


c 


.007 .010 


0.178 0.25 


D 


.675 .685 


17.15 17.40 


D1/E1 


.442 .458 


11.23 11.63 


e 


.05 BSC 


1.27 BSC 


L 


.050 .065 


1.27 1.65 




9-66 
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For More Information, call 1-800-722-7074. 
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F-24 24-Lead Ceramic Flat Pack (Cerpak) Package 



Dimension 


Inches 


Millimeters 


MIn Max 


Min Max 


A 


.063 .090 


1.6-0 2.29 


b 


.015 .019 


.38 .48 


C 


.003 .006 


.08 .15 


D 


.584 .621 


14.83 15.77 


E 


.363 .377 


9.22 10.03 


e 


.050 BSC 


1.27 BSC 


L 


.250 .370 


6.35 9.40 


Q 


.026 .040 


.66 1.02 


S 


.045 


1.14 


S1 


.005 


.13 




(2 PI) 



65-6394 



For More Information, call 1-800-722-7074. 
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F-24B 24-Lead Ceramic Bottom-Brazed Flat Pack Package 



Dimension 


Inches 


Millimeters 


Mln Max 


Mln Max 


A 


.045 .115 


1.14 2.92 


b 


.015 .019 


.38 .48 


C 


.003 .006 


0.08 0.15 


D 


.640 


16.26 


E 


.350 .420 


9.14 10.67 


E1 


.450 


11.43 


E2 


.180 


4.57 


E3 


.030 


0.76 


e 


.050 BSC 


1.27 BSC 


L 


.250 .370 


6.35 9.40 


Q 


.026 .045 


0.66 1.14 


S 


.045 


1.14 


SI 


.005 


0.13 
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L-20 20-Pad Leadless Chip Carrier 



Dimension 


Inches 


Millimeters 


Mln 




Max 


Mln 


Max 


A 


0.064 




0.086 


1.63 


2.18 


AT 


0.054 




0.066 


1.37 


1.68 


B1 


0.022 




0.028 


0.56 


0.71 


DO 


.006 




.022 


0.15 


0.56 


D/E 


0.342 




0.358 


8.69 


9.09 


D1/E1 


.200 BSC 




D2/E2 


.100 BSC 




Uo/co 


.358 


9.09 


e 


0.050 BSC 


1.27 BSC 


h 


0.040 REF 


1.02 REF 


J 


0.020 REF 


0.51 REF 


L1 


.045 




.055 


1.14 


1.40 


L2 


.075 




.095 


1.91 


2.41 


L3 


.003 




.015 


.008 


0.38 


ND/NE 


5 


5 


U E4 H 



Hx45° 

65-6388 





For More Information, call 1-800-722-7074. 
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L-28 28-Terminal Ceramic Leadless Chip Carrier 



Jx45° ■ 




Dimension 


Inches 


Millimeters 


Mln 




Max 


Mln 


Max 


A 


.060 




.100 


1.52 


2.54 


A1 

A\l 


.050 




.088 


1.27 


2.24 


D4 

Dl 


.022 




.028 


0.56 


0.71 


DO 


.006 




.022 


.015 


.056 


U/b 


.442 




.460 


11.23 


11.68 


D1/E1 


.300 BSC 


7.62 BSC 


D2/E2 


.150 BSC 


3.81 BSC 


D3/E3 


.460 


10.21 11.68 


e 


.050 BSC 


1.27 BSC 


h 


.040 REF 


1.02 REF 


1 


.020 REF 


0.51 REF 


L1 


.045 




.055 


1.14 


1.40 


L2 


.075 




.095 


1.91 


2.41 


L3 


.003 




.015 


0.08 


0.38 


ND/NE 


7 


7 



«r— L1 

U(4 Places) 



65-6393 
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M-8 8-Lead Plastic Small Outline Dual In-Line Package 



Dimension 


Inches 


Millimeters 


MIn Max 


MIn Max 


A 


.053 .069 


1.35 1.75 


A1 


.004 .009 


.10 .20 


B 


.014 .020 


.350 .450 


C 


.007 .010 


.19 .22 


D 


.188 .197 


4.80 5.00 


E 


.150 .158 


3.80 4.00 


e 


.050 BSC 


1.27 BSC 


H 


.228 .244 


5.80 6.20 


L 


.020 .045 


.508 1.14 


a 


0° 8° 


0° 8° 


h 


.010 .020 


.25 .50 




For More Information, call 1-800-722-7074. 
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M-1 4 1 4-Lead Plastic Small Outline Dual In-Line Package 



Dimension 


Inches 


lllHl.in ill nun 

Millimeters 


Min Mow 

Min Max 


Mln Maw 

Min max 


A 


.053 .069 


1.35 1.75 


A1 

Al 


f\r\A (\f\Q 
.UU4 .UUo 


A 4A A on 


B 


A4 A AiA 

.014 .019 


0.36 0.48 


C 


.007 .009 


0.18 0.23 


D 


.336 .344 


8.54 8.74 


E 


.150 .158 


3.81 4.01 


e 


.050 BSC 


1.27 BSC 


H 


.228 .244 


5.79 6.20 


h 


.010 .020 


0.25 0.50 


L 


.020 .045 


0.51 1.14 


oc 


0° 8° 


0° 8° 



Dimensions conform to JEDEC Specification MS-012-AB for SO packages. 





nnnnr jj, 






0 


t 

E H 

i 




UUL JJ 




1 










A1 


A 




oaoiifiiJlL 




t_ 


1 B 






hx45° 



65-6380 
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M-1 6 1 6-Lead Plastic Small Outline Dual In-Line Package 



A 



I 



1 



Fl Fl Fl H a H H 



Index 
Area 



HWETETTJTH 



E H 



nimoncion 


II Ivllw9 


Millimeter* 

IVIIIIII 1 ICrld 9 


Mln Max 


Mln Max 

■will I iiivtsv 


A 


.U0O£ .UOOO 


l.OO l./O 


A1 


.0040 0098 

• W~V • Www 


0.10 0 25 


R 


01a o?o 


W.W V.vJ 1 


c 


0075 0098 

• W» W • Www 


019 0 25 

V ■ ■ w w » fc» w 


D 


.3859 .3937 


9.80 10.00 


E 


.1497 .157 


3.80 4.00 


e 


.050 BSC 


1.27 BSC 


H 


.2284 .2440 


5.80 6.20 


h 


.0099 .0196 


0.25 0.50 


L 


.016 .050 


.40 1.27 


LE 


.030 — 


.76 — 


Y 


— .004 


— 0.10 


0 


0° 8° 


0° 8° 



Notes: 

1 . Refer to applicable symbol list 

2. Dimension "D" does not include mold flash, protrusions of gate burrs. Mold flash, 
protrusions and gate burrs shall not exceed .006 in. (.15 mm) per side. 

3. Dimension "E" does not include interlead flash or protrusions. Interiead flash and 
protrusions shall not exceed .101 in. (.25 mm) per side. 

4. The chamfer on the body is optional. If it is not present, a visual index feature must 
be located within the hatched area. 

5. "L" is the length of terminal for soldering to a substrate. 

6. The lead width "B" as measured .014 in. (.36 mm) or greater above the seating 
plane, shall not exceed a maximum value of .024 in. (.61 mm). 




_ hx45° 



<-7° x 4 Pis 



65-6448 



For More Information, call 1-800-722-7074. 
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M-24 24-Lead Plastic Small Outline Dual In-Line Package 



1RRRRRRRRRRR 



yyyyyyyyyyyy 



Dimension 


Inches 


Millimeters 


Min Max 


Mln Max 


A 


092 105 


2.34 2.67 


A1 


.003 .012 


0.08 0.30 


B 


.014 .020 


0.35 0.51 


C 


.009 .013 


0.23 0.32 


D 


.598 .614 


15.19 16.70 


E 


.290 .299 


7.37 7.60 


e 


.050 BSC 


1.27 BSC 


H 


.393 .420 


9.98 10.67 


L 


.015 .050 


0.38 1.27 


S1 


.005 — 


0.13 - 


a 


0° 8° 


0° 8° 


N 


24 


24 









Notes: 

1 . Dimensions and tolerancing per ANSI Y1 4.5 - 1 982 

2. Controlling dimension: millimeter 
Index area; a notch or a pin one identification marks hall be located adjacent to pin 
one. The manufacturers' identification shall not be used as a pin one identification 
mark. 

The basic pin spacing is .050 (1.27 mm) between centeriines. Each pin centerline 
shall be located within .005 (0.13 mm) of its exact longitudinal position relative to pins 
land 24. 

Applies to all four comers (leads number 1, 12, 13 and 24) 
Twenty-two spaces. 

All leads: increase maximum limit by .003 (0.08 mm) measured at the center of the 
flat, when lead finish "A" (hot solder dip) is applied. 
"D" and "E" are reference datums, and do not include mold flash. 
Body material: plastic (epoxy). 
"N" is the number of terminal positions. 



3. 



4. 



Ta 
Tl 
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N-8 8-Lead Plastic Dual In-Line Package 



Dimension 

1 IVl IW IV/ 1 I 


Inches 


Millimeters 


MIn 




Max 


MIn 


Max 


A 


.200 


5.08 


B 


.014 




.023 


0.36 


0.58 


B1 


.030 




.070 


0.76 


1.78 


C 


.008 




.013 


0.20 


0.30 


D 


.330 




.375 


8.38 


9.40 


E1 


.240 




.260 


6.09 


6.60 


E 


.300 




.325 


7.37 


7.87 


e 


.100 BSC 


2.54 BSC 


L 


.125 




.200 


3.18 


5.08 


A1 


.015 




.060 


0.38 


1.52 


D1 


.005 


0.13 


M 


0° 




15° 


0° 


15° 




— B1 




65-6372 



For More Information, call 1-800-722-7074. 
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N-1 4 1 4-Lead Plastic Dual In-Line Package 



Dimension 


Inches 


Millimeters 


Mln Max 


Mln Max 


A 


.200 


5.08 


B 


.014 .023 


0.36 0.58 


B1 


.030 .070 


0.76 1.78 


C 


.008 .013 


0.20 0.30 


D 


.740 .760 


18.92 19.18 


E1 


.240 .262 


6.10 6.60 


E 


.300 .325 


7.37 7.87 


e 


.100 BSC 


2.54 BSC 


L 


.125 .200 


3.18 5.08 


A1 


.015 .060 


0.38 1.52 


D1 


.005 


.013 


M 


0° 15° 


0° 15° 




-B1 
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N-1 6 1 6-Lead Plastic Dual In-Line Package 



Dimension 


Inches 


Millimeters 


Mln Max 


Mln Max 


A 


.200 


5.08 


B 


.014 .023 


0.36 0.58 


B1 


.030 .070 


0.76 1.78 


C 


.008 .013 


0.20 0.30 


D 


.740 .760 


18.80 19.30 


E1 


.240 .262 


6.10 6.60 


E 


.300 .325 


7.37 7.87 


e 


.100 BSC 


2.54 BSC 


L 


.125 .200 


3.18 5.08 


A1 


.015 .060 


0.38 1.52 


D1 


.005 


0.13 


M 


0° 15° 


0° 15° 



D1- 



nnnnn n nn 



uuuuuuu 




<*-B1 




65-6381 



For More Information, call 1-800-722-7074. 
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N-20 20-Lead Plastic Dual In-Line Package 



Dimension 


Inches 


Millimeters 


Mln Max 


Mln Max 


A 


210 


5.33 


B1 


.014 .023 


.36 .58 


C 


.008 .012 


.20 .30 


u 


OOC 4 OCR 

.995 1 .OoD 


O.c/ id /.{JO 


E1 


245 .310 


6.22 7X7 


E 


.290 .320 


7.37 8.13 


L 


.115 .150 


2.92 3.81 


e 


.100 BSC 


2.54 BSC 


A1 


.015 


0.38 


D1 


.005 


.13 


M 


0° 15° 


0° 15° 



D1 



nnnnnnnnnn. 



JUUUUUUUUU 




JarL 
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Raytheon Semiconductor 



For More Information, call 1-800-722-7074. 



Section 9 — Ordering Information & Packaging 



N-20W 20-Lead Plastic Dual In-Line Package (0.6" Wide) 



Dimension 


Inches 


Millimeters 


Mln Max 


Min Max 


A 


.225 


5.72 


B 


.014 .023 


0.36 0.58 


B1 


.030 .070 


0.76 1.78 


C 


.008 .012 


0.20 0.30 


D 


1.24 1.26 


31.5 32.0 


E1 


.530 .550 


13.46 13.97 


E 


.590 .620 


14.99 15.78 


e 


.100 BSC 


2.54 BSC 


L 


.120 .200 


3.05 5.08 


A1 


.015 .075 


0.38 1.91 


D1 


.005 


0.13 


M 


0° 15° 


0° 15° 




For More Information, call 1-800-722-7074. 
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Section 9 — Ordering Information & Packaging 



N-24N 24-Lead Plastc Dual In-Line Package (0.3" Wide) 



Notes 

1 . Controlling dimensions are in "inches" 

2. Dimesioning and tolerandng per ANSI 
Y14.5M-1982. 

3. Dimensions "A", "A1" and "L" are measured 
with the package seated in the Seating 
Plane. 

4. "D" an d "E1" dimensions for plastic 
packages, do not include modi flash or 
protrusions. Mold flash or protursions shall 
not exceed .010 inch (0.25 mm). 

5. "E" and "eA" measured with the leads 
constrained to be perpendicular to the base 
plan. 

6. "eB" and "eC" are measured at the lead tips 
with the leads unconstrained. "eC" must be 
zero or greater. 

7. The basic pin spacing os .100 inch (2.54 
mm) between centeriines. Each pin 
centerline shall be located within ±.010 inch 
(0.25 mm) of its exact longitudinal position 
relative to pins 1 and 24. 

8. All leads: increase maximum limit by .003 
inch (0.08 mm) measured at the center of 
the flat, when lead finish "A" (hot solder dip) 
is applied. 

9. "N" is the maximum number of lead 
positions. 

10. Eleven spaces. 



Dimension 


Inches 


Millimeters 


MIn 


Max 


MIn 


Max 


A 


.210 


5.33 


A1 


.015 


0.38 


A2 


.115 


.195 


2.92 


4.95 


B 


.014 


.022 


0.36 


0.56 


B1 


.045 


.070 


1.14 


1.78 


C 


.008 


.015 


0.20 


0.38 


D 


1.125 


1.275 


28.58 


32.39 


D1 


.005 


0.13 




E 


.300 


.325 


7.62 


8.26 


E1 


.240 


.280 


6.1 


7.11 


e 


.100 BSC 


2.54 BSC 


eA 


.300 BSC 


7.62 BSC 


eB 


.430 


10.92 


L 


.115 


.160 


2.92 


4.06 


N 


24 


24 



Base 
Plane 

Seating 
Plane 
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Raytheon Semiconductor 



For More Information, call 1-800-722-7074. 



Section 9 — Ordering Information & Packaging 



S-1 6 1 6-Lead Ceramic Sidebraze Dual In-Line Package 



Dimension 


Inches 


Millimeters 


Mln Max 


Mln Max 


A 


.200 


5.08 


b1 


.014 .023 


.36 .58 


b2 


.045 .065 


1.14 1.65 


C1 


.008 .015 


.20 .38 


D 


.840 


21.33 


E 


.200 .310 5.59 


7.87 


E1 


.290 .320 


7.37 8.13 


e 


.100 BSC 


2.54 BSC 


L 


.125 .200 


3.18 5.08 


L1 


.140 


3.57 


Q 


.015 .060 


.33 1.52 


S 


.098 


2.49 


S1 


.005 


.13 


S2 


.005 


.13 
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For More Information, call 1-800-722-7074. 
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Section 9 — Ordering Information & Packaging 

S-20 20-Lead Ceramic Sidebraze Dual In-Line Package 



Dimension 


Inches 


Millimeters 


Mln Max 


Mln Max 


A 


pnn 




b1 


.014 .023 


.36 .58 


b2 


0.45 .065 


1.14 1.65 


C1 


.008 .015 


.38 


D 


1.060 


26.92 


E 


.220 .310 


5.59 7.87 


E1 


.290 .320 


7.37 8.13 


e 


.100 BSC 


2.54 BSC 


L 


.125 .200 


3.18 5.08 


L1 


1.40 


3.57 


Q 


.015 .070 


.38 1.78 


S 


.080 


2.03 


S1 


.005 


.13 


S2 


.005 


.13 



n 


m n 


nnnnn 
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Raytheon Semiconductor 



For More Information, call 1-800-722-7074. 



Section 9 — Ordering Information & Packaging 



S-24 24-Lead Ceramic Sidebraze Dual In-Line Package (0.3" Wide) 



nimoncfnn 

LslllldlOlUII 


II IUHwO 


Millimeter* 

IVIIIIII 1 Idd 9 


MIn Max 

■Will 1 IWlvMfc 


MIn Max 

■Will I IVICMl 


A 




O.UO 


b1 


.014 .023 


.36 .58 


b2 


045 065 


1.14 1.65 


C1 


.008 .015 


.20 .38 


D 


1.280 


32.51 


c 
c 


.220 .310 


5 59 7 87 


E1 


.290 .20 


7.37 8.13 


e 


.100 BSC 


2.54 BSC 


L 


.125 .200 


3.18 5.08 


L1 


.125 


3.56 


Q 


.015 .060 


.38 1.52 


S 


.080 


2.03 


S1 


.005 


.13 


S2 


.005 


.13 



JUUUUUUUUUU 



S1 



is 




For More Information, call 1-800-722-7074. 
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Section 9 — Ordering Information & Packaging 



T-8 8-Lead TO-99 Metal Can 



Dimension 


Inches 


Millimeters 


Min Max 


Min Max 


A 


.165 .185 


4.19 4.70 


b 


.016 .019 


.41 .48 


b1 


.016 .021 


.41 .53 


D 


.335 .375 


8.51 9.53 


D1 


.305 .335 


7.75 8.51 


/D2 


.110 .160 


2.79 4.06 


e 


.200 BSC 


5.08 BSC 


e1 


.100 BSC 


2.54 BSC 


F 


.040 


1.02 


K 


.034 


.69 .86 


K1 


.027 .045 


.69 1.14 


L 


.500 .750 


12.7 19.05 


L1 


.050 


1.27 


L2 


.250 


6.35 


Q 


.010 .045 


.25 1.14 


a 


450 BSC 


450 BSC 



Reference Plane 
- Base and Seating Plane 
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Raytheon Semiconductor 



For More Information, call 1-800-722-7074. 



Section 9 — Ordering Information & Packaging 



T-9 Mead TO-66 Metal Can 



Dimension 


Inches 


Millimeters 


Min Max 


Mfn Max 


A 


.250 .340 


6.35 8.63 


B 


.028 .034 


.71 .863 


C 


.360 


9.14 


D 


.620 


15.748 


E 


.300 .500 


7.62 12.70 


G 


.325 BSC 


5.84 BSC 


J 


.050 .075 


1.27 1.90 


K 


.142 .152 


3.60 3.86 


L 


.145 


3.68 


M 


.477 .483 


12.11 12.26 


N 


36°Typ 


36°Typ 


P 


.958 .962 


24.33 24.43 


R 


1.252 


31.80 


S 


.700 


17.80 




For More Information, call 1-800-722-7074. 



Raytheon Semiconductor 



9-85 



Section 9 — Ordering Information & Packaging 



T-10 10-Lead TO-100 Metal Can 



Dimension 


Inches 


Millimeters 


Mln Max 


Mln Max 


A 


.165 .185 


4.19 4.70 


b 


.016 .019 


.41 .48 


b1 


.016 .021 


.41 .53 


D 


.335 .375 


8.51 9.53 


D1 


.305 .335 


7.75 8.51 


D2 


.110 .160 


2.79 4.06 


e 


.230 BSC 


5.84 BSC 


e1 


.115 BSC 


2.92 BSC 


F 


.040 


1.02 


1/ 
r\ 


HOT f\1A 

AJdl .Uo4 


.09 .00 


K1 


.027 .045 


.69 1.14 


L 


.500 .750 


12.70 19.05 


L1 


.050 


127 


L2 


.250 


6.35 


Q 


.010 .045 


.25 1.14 


a 


36° BSC 


36° BSC 



Reference Plane 
- Base and Seating Plane 

-Q 
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For More Information, call 1-800-722-7074. 



ToSF 




From San Jose Airport: 

Take 101 North to Ellis Street Exit. 

Left on Ellis. Raytheon Semiconductor is on the right side of the street. 
(350 Ellis Street, Mt. View.) 




To Raytheon Semiconductor from Lindbergh Field (San Diego Airport): Exit the Airport going TOWARD SAN DIEGO. Go North on 
Interstate 5 (follow Harbor Drive - LEFT on Grape, LEFT on Albatross (under Freeway), cross Hawthorn and enter the freeway). Exit 
Interstate 5 at the Genesee Ave offramp (13 miles north of San Diego) and turn right (East). Proceed up the hill to Campus Point Drive 
(second stoplight) and turn left. Go to (Campus Point Court (the first street) and turn left Raytheon Semiconductor is on the left side of 
the street Pari in front of the building (first driveway) at the far end of the lot in visitors' parking and enter the front lobby. 

To Lindbergh Field (San Diego Airport) from Raytheon Semiconductor. Proceed south on Interstate 5 from Genesee. Use the Sassafras 
Street exit which actually puts you on Kettner Blvd. Turn right on Laurel Street and follow the signs to the airport terminal or car 
rental return. 
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Raytheon Semiconductor 



Literature Request Card Raytheon 

Yes, I'm interested in receiving more information on Raytheon's products. 



Name 



Title 



Company 



Street Address 



City 



Country if other than U.S. 



) 



Phone No. ( 
Application 

□ Multimedia 

□ ATE & Instrumentation 

□ Signal Synthesis 

□ Avionics Communication 

□ Data Conversion 

□ Other 



Department or Mail Stop 



State 



Zip 



□ Digital Signal Processing 

□ Linear 

□ PROM 

□ Small Signal Transistors 

□ 32 Volt Linear Arrays 



Precision Complementary 
Arrays Analog & Mixed 
Signal (RPA Family) 
Precision Complementary 
BiCMOS Standard Cell 
Family (RSC4000) 



Literature Request Card 

Yes, I'm interested in receiving more information on Raytheon's products. 



Raytheon 



Name 
Title _ 



Company 



Street Address 



City 



Country if other than U.S. 



Phone No. ( 
Application - 



) 



Department or Mail Stop 



State 



Zip 



□ Multimedia □ 

□ ATE & Instrumentation □ 

□ Signal Synthesis □ 

□ Avionics Communication □ 

□ Data Conversion □ 

□ Other 



Digital Signal Processing 

Linear 

PROM 

Small Signal Transistors 
32 Volt Linear Arrays 



Precision Complementary 
Arrays Analog & Mixed 
Signal (RPA Family) 
Precision Complementary 
BiCMOS Standard Cell 
Family (RSC4000) 
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FIRST CLASS 
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MOUNTAIN VIEW, CALIFORNIA 



NO POSTAGE 
NECESSARY 
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IN THE 
UNITED STATES 



Postage Will Be Paid By Addressee: 

Raytheon Company 

SEMICONDUCTOR DIVISION 
PO BOX 7016 

MOUNTAIN VIEW, CA 94039-7016 





llllllllllllllllllllllllllllllllllllllllullllllllll 



BUSINESS REPLY MAIL 

FIRST CLASS PERMIT NO. 477 MOUNTAIN VIEW, CALIFORNIA 



Postage Will Be Paid By Addressee: 

Raytheon Company 

SEMICONDUCTOR DIVISION 
PO BOX 701 6 

MOUNTAIN VIEW, CA 94039-7016 



NO POSTAGE 
NECESSARY 
IF MAILED 
IN THE 
UNITED STATES 




lhl.nl. .Ill 1 1 ■ ! : ! 1 1 ! i ! 1 1 1 ■ 1 1 1 1 ■ 1 1 1 ■ I ■ 1 1 1 ! 1 1 1 1 



Raytheon Semiconductor Headquarters 



Raytheon Company 
Semiconductor Division 

350 Ellis Street 
P.O. Box 701 6 

Mountain View, CA 94039-701 6 
Telephone: (415) 968-9211 
Literature: (800) 722-7074 
Cust. Svc: (408) 522-7051 
FAX: (415) 966-7742 



Raytheon Company 
Semiconductor - La Jolla 

P.O. Box 2472 
La Jolla, CA 92038-2472 
Telephone: (619) 457-1000 
(800)879-5747 
FAX: (619) 455-6314 
Internet: applications @ lj.sd.ray.com 
sales @ lj.sd.ray.com 



Raytheon Semiconductor Regional Sales Offices 



CALIFORNIA (Southwest) 
Raytheon Semiconductor 

10A Goodyear 
Irvine, CA 92718 
(909) 699-7194 
FAX: 714-830-2607 

CALIFORNIA (Northwest) 
Raytheon Semiconductor 

760 North Mary Ave. 
Sunnyvale, CA 94086 
(408) 522-7060 
FAX: 408-522-7055 



FLORIDA 

Raytheon Semiconductor 

130 Ridgewood Drive 
Longwood, FL 32779 
(408) 682-6988 
FAX: (407) 682-6404 

ILLINOIS 

Raytheon Semiconductor 

1430 Branding Lane #129 
Downers Grove, IL 60515 
(708) 810-1577 
FAX: (708)810-1683 



MASSACHUSETTS 
Raytheon Semiconductor 

63 Second Avenue 
Burlington, MA 01803 
(617) 272-1313 
FAX: 617-270-7965 

NEW YORK 

Raytheon Semiconductor 

300 Vanderbilt Motor Parkway #200 
Hauppauge, NY 11788 
(516) 231-1090 
FAX: (516) 231-1294 



Raytheon Semiconductor International Sales Offices 



UNITED KINGDOM 
Raytheon Semiconductor 
International Company 

Elizabeth Way 

The Pinnacles 

Harlow, Essex CM19 5AZ 

England 

Telephone: 44-279-421 51 0 
FAX: 44-279-421316 

Raytheon Semiconductor 
International Company 

Pelican House 

83 New Street 

Andover, Hants. SP10 1DR 

England 

Telephone: 44-264-33461 6 
FAX: 44-264-334620 



GERMANY 

Raytheon Semiconductor 
International Company 

Kathi-Kobus-Str. 24/II 
D-80797 Munich 
Germany 

Telephone: 49-89-187053 
FAX: 49-89-1 83758 

FRANCE 

Raytheon Semiconductor 
International France 

LaBoursidiere, A3 RN 186 
F-92350 Plessis Robinson 
Cedex, France 
Telephone: 33-1-463-10676 
FAX: 33-1-463-24608 



JAPAN 

Raytheon Semiconductor 
International Company 

Matsukaze Building 5/F 

4-1-1 Kitashinagawa Shinagawa-Ku 

Tokyo 140 Japan 

Telephone: 81-3-3280-4776 

FAX: 81-3-3280-4156 
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Raytheon Semiconductor 350 Ellis Street 

Mountain View CA 94043 7016 
800 722 7074 

FAX 415 966 7742 
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